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APPLICATIONS OF INFRARED SPECTROSCOPY—III* 


THE SIMULTANEOUS DETERMINATION OF METHOXYL 
AND ETHOXYL GROUPS 


D. M. W. ANDERSON and J. L. DUNCAN 


Department of Chemistry, The University, Edinburgh 9, Scotland 
(Received 10 August 1960) 


Summary—Quantitative vapour-phase infrared spectroscopy permits the simultaneous determination 
of methoxyl and ethoxyl groups as alkyl iodides or bromides: when the methoxyl/ethoxyl ratio 
exceeds 4 : 1, determinations are only possible as bromides. The reaction-time involved is 30 min. 
Results, correct to within | for each alkoxyl group, can be obtained on the micro-scale. The 


presence of sulphur does not interfere 


ParT II' of this series described a spectroscopic investigation of some of the reaction 
variables of the Zeisel determination, and results were reported for micro alkoxyl 
determinations on reference compounds. These showed that the spectroscopic 
method of determining the liberated alkyl iodides not only gave results comparable 
in accuracy and reproducibility with those obtainable by the more conventional 
methods, but also distinguished in the same analysis between different alkoxyl groups. 
On unknown compounds, this selective information cannot be obtained directly if the 
conventional iodometric or gravimetric finishes are used.*:* 

Gran* reviewed the techniques available for the simultaneous determination of 
methoxyl and ethoxyl groups; the majority require time-consuming modification or 
extension to the standard Zeisel method. Techniques based on Martin and Vertalier’s* 
use of gas chromatography were later introduced®:® which, although not comparable 
in accuracy with the more’ conventional methods, offered possibilities for future 


development. More recent publications, however, have merely reverted to modifying’ 


the Willstaétter and Utzinger® technique or to describing modifications*®!° of the 
combustion method.'! 

[his paper describes how the quantitative infrared technique':* can be extended, 
without modification or loss in accuracy, to the simultaneous determination of both 
methoxyl and ethoxyl groups. Results, correct to within + 1%, for both groups, can be 
obtained on the microscale. The reaction-time is 30 min, and only one weighing of the 
sample is involved. The presence of excess sulphur (which continues to cause 


difficulty") in any form or quantity does not interfere. 


EXPERIMENTAI 
Gas-cells 
Descriptions of the gas-cells used, and data giving their useful concentration range and sensitivity 
1,12,14 


have been given 


* Part [I—see ref. 1. 
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used was a Hilger H800 double-beam instrument, which has the following 


ccommodation of gas-cells up to 56cm long, (4) linear recording of percentage 
accuracy of 5 This fixes the limiting accuracy of the method, and obviates 
(By adjustment of tares, all 


be of maximum accuracy, the standard operating conditions (slit- 
gain etc.) must be carefully selected initially and subsequently rigorously 


[he gas-cell carrier must be rigidly fixed, or fitted with some simple 


(6) Assembled apparatus. 


ng replacement each time in identical position with respect to the infrared 

beams 
Reproducibility of percentage absorption for a given concentration depends on the recorder zero- 
stability; any peak height must always be measured with respect to some arbitrarily fixed base-line or 
zero associated wi the wave-length involved All other conditions being constant, the 
base-line may be affected by small energy losses caused by fogged or scratched cell-windows, which 
must therefore be kept in good condition. Small local variations in base-line caused by such factors 
may, however, be satisfactorily compensated by adjustment of some auxiliary compensating device 


interposed in the reference beam 


Construction of calibration curves 


Weigh the required amount of alkyl iodide in a micro weighing-bottle (12 4 mm) fitted with a 
leak-proof ground-glass stopper. Via A, place the bottle in the trap shown in Fig. 1(a), then immerse 
the limb of the trap in liquid nitrogen. Insert the requisite evacuated gas-cells at A, connect B to a 
suitable vacuum-line,* and evacuate the system with the trap still in coolant. 

Vaporise the trapped alkyl! iodide into the gas-cell, making the total pressure equal to atmospheric, 
by the technique already described.’* Quantitative transfer, within the experimental limits of +1%, 
is easily achieved. Record the particular absorption peak selected for calibration (see below) six times, 
then calculate the mean peak height: this minimises any error in the peak heights drawn by the pen 
recorder, the reproducibility of which is --0-25°%. 

Fundamentally, peak areas are proportional to concentration, but at the partial pressures used 
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peak heights are sensitive to concentration changes and are, under standard conditions, much easiet 
to measure. ‘“‘Pressure-broadening” effects do not cause complications.’ (¢ onsequently, calibration 


curves can be constructed with reference to peak heights : hows typical curves obtained 


{ trapping 
pins 


Various weights of alkyl iodides were added to the reaction-flask and 
between 4 and 20 ml per min. At each flow-rate, recoveries ranged from 
: 

distribution of high and low results. In several experiments, two absorption 


[ in the second trap. These 


eries n 


Details of the apparatu ing, reactio! 


have been described.' F« atile nples, the d bed technique 


tion’ 1s used: it may also de a ied tf nc volatile and solid samy 
however, has been successfully used f¢ 


yt-piate 


Add 20-40 mg phenol to the spoon, and warm gent/y over a hx 


at as low a temperature as possible. Place th 


LC 


1 added, pre-cond tioned 


Attach the delivery tube (Fig b)), pa d with fresh Anhydrone, 
Anhydrone guard-tube: immerse tl p in liquid nitrogen. (This orde 
I p.) Attach the B14 cone of 


collection of atmospheric water-vapour in the tray 


1o 


reaction condenser, so assembling the apparatus as shown in I ig. 1(4) 
to 6-8 ml per min, and begin heating the reaction-flask 

After 30 min reflux, remove and stopper the trap, keeping it immersed in coolant. When con- 
venient, volatilise the trapped reaction products into the appropriate gas-cell. Draw the spectrum of 
the products—this reveals immediately which iodides are present. Then re-draw 6 times (ensuring 
that the correct base-line is given) the characteristic peak on which calibration of each iodide is based 
Refer the av erage peak height for each iodide to the appropriate calibration curve, and hence deter- 


mine the weight of alkyl iodides liberated 
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RESULTS 

Interferences 

Since iodine, hydrogen sulphide and hydrogen iodide vapours do not interfere 
with the spectroscopic determination, conventional Zeisel scrubbers are not necessary. 
Phosphine, however, does interfere; preconditioning of the hydriodic acid as described" 
is required, and subsequent addition of hypophosphites to decolourise dark reaction 
mixtures should be avoided. The use of colourless hydriodic acid is not necessary for 
quantitative results. Since water vapour must be excluded in spectroscopic deter- 
minations, the reaction products are trapped after passage through Anhydrone’. 


Choice of calibration peaks 


Fig. 3 diagramatically represents the spectra given in the 800—1500 cm . region, 

















ae See, 


Ney 
vvYOve 


esentation of spectra given by methyl iodide, ethyl iodide, methyl bromide and 


ethyl bromide. 


at a scan speed of 127 


cm‘ per min, by methyl iodide, ethyl iodide, and by a mixture 
of the two. If a vapour contains only one component, calibration can be based on any 
convenient absorption peak in the spectrum, although maximum sensitivity and 
accuracy will clearly be obtained if calibration is based on the most intense absorption. 
In mixtures, however, over-lapping or coincidence of peaks can occur. Calibration for 
a particular component must then be based on the most intense absorption which is 
not masked or reinforced by peaks given by the other components present. 

In the composite spectrum (Fig. 3) given by a mixture of methyl + ethyl iodides, 
very slight overlapping of peaks occurs at the normal scanning speed, so that the 
1244 cm™! peak of methyl iodide fractionally increases the height of the 1215 cm™ 
ethyl iodide peak. The 1265 cm~ methyl iodide peak is not masked, and so calibrations 
based on it give correct methoxyl values as shown by the typical results given in Table I. 
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Calibrations based on the 1215 cm™ ethyl iodide peak, however, lead in this circum- 
stance to high ethoxyl values: the more minor peaks given by ethyl iodide at 1450 cm~ 
and 950 cm~! are also subject to overlapping with minor methyl iodide peaks and so 
cannot be used. 

Fortunately, this positive ethoxyl error was found to be a linear function of the 


TABLE |. SIMULTANEOUS METHOXYL/ETHOXYL DETERMINATIONS 





Wt. alkyl iodide 
Compound Weight found Ful 


or taken, : 
found,* 


mixture mg Mel, Etl, found, theory, | found, | theory, 
meg . a; 0 “ 


wt. Methoxyl Ethoxyl 


mg meg 


Vanillin 
Phenacetin! 


Vanillin\ 


Phenacetin! 


Vanillin 


Phenacetin 


A nisic acid 
Cmpd Xt 


Cmpd Y7 


Cmpd Z 


* Corrected weight Etl (wt. Etl found) — (0-019)(wt. Mel found). 

+ Origin of samples 
Cmpd X: 4-chloro-2-ethoxy-p-tosyl-1-naphthylamine (Prof. F. Bell) 
Cmpd Y: 1:1:3-trimethoxy-3-ethoxypropane) 


2 A g -edistille 
Cmpd Z: 1:1:3-triethoxy-3-methoxypropane| L. Light and Co. Ltd. (redistilled). 


weight of methyl iodide present, and a correction factor (0-019), applicable to a 


particular set of standard spectrometer conditions, was calculable. When 
(0-019) (weight of methyl iodide found) 


was subtracted from the actual weight of ethyl iodide found, the results shown in 
Table I were obtained for methoxyl-ethoxyl compounds or for synthetic mixtures 
ranging in composition from methoxyl/ethoxyl = 3:1 to 1:3. 

At low ethoxyl contents, the 1215 cm ethyl iodide absorption occurs as a 
shoulder on the 1244 cm~! methyl iodide peak and determinations become inaccurate: 
at methoxyl/ethoxyl ratios > 4:1, there is no measurable ethyl iodide peak height 
and the method fails. Although such combinations must be rare in actual chemical 
compounds, they could readily be met in determinations on mixtures of methoxyl and 
ethoxyl compounds. Such mixtures can be analysed by using hydrobromic acid in 
place of hydriodic acid during reflux. 
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j 


{1/koxyl determinations using hydrobromic aci 


Constant-boiling hydrobromic acid (sp. gr. 1°47) is effective in cleaving alkoxyl 
groups: it produces alkyl bromides quantitatively from esters and ethers almost as 


1 


quickly (15-20 min for methyl and ethyl) as hydriodic acid forms the corresponding 


Alkyl bromides are as conveniently estimated as alkyl iodides by the infra- 

lique if the required calibration curves are constructed (the manometric 

ust be used for methyl bromide, b.p. 3-6"). Moreover, Fig. 3 shows 

20 cm™! absorption of methyl bromide is so widely separated from the 

peak of ethyl bromide that calibrations based on each of these are valid for 

of all possible methoxyl/ethoxyl percentage compositions. The only 

\tage in the use of the bromides is a small decrease in sensitivity. 

‘rmits determination of approximately 2—6 mg of alkyl bromide as 

4 mg of alkyl iodide; this requires that sample weights of alkoxyl 

compounds must be approximately doubled when determination as the bromide is 


in accuracy to those shown in Table I are, however, obtainable 


of using a correction factor. 


CONCLUSIONS 


described permits satisfactory simultaneous determinations of 
‘thoxyl groups on the micro scale. Although Table I shows only a few 
1y determinations have been made during the past 18 months on a 
‘tional compounds, each of which contained, in addition to 


following groups: —F, —Cl, —Br, —I, —NO, —NQOa,, 
SO,H, =PO,, —PS, =Se. Satisfactory results 


in Our experience, some organic compounds are 
to purify sufficiently for satisfactory results to be obtained in the 

s a rigorous functional group analysis. 
icy obtainable, small samples required, short reaction time, elimination 
tional scrubbers, and absence of interference from sulphur combine to make 
scopic method undoubtedly superior to any method previously described 
ve, 


taneous determination of alkoxyl groups. At the present time, when ever- 


numbers of chemists have access to an infrared spectrometer, this method 


‘neral interest. 


ink Professot L. Hirst, C.B.E., F.R.S., for | 


award of a Scholarship (to J. L. D.) 


Zusammenfassung Juantitativ ifrarotspe troskopie in der Gasphase erlaubt die § 
Bestimn r VO thoxyl- un thoxylgruppen als Alkalijodide oder Bromide. Wenn das Ver- 
von 4:1 tberschreitet kann die Bestimmung nur Uber die 
Reaktionszeit ist 30 Minuten. Die Resultate, innhalb 


m Mikrobereich erhalten werden. Gegenwart von Schwefel 


Résumé—La spectroscopie infra-rouge quantitative en phase vapeur permet le dosage simultané des 
groupem s méthoxy et ethoxy a l'état d’iodures ou de bromures d’alkyl: quand le rapport méthoxy 
éthoxy |, les dosages ne sont possibles que pour les bromures. Le temps de réaction 
nécessaire est de 30 minutes. Les résultats, corrects dans l’intervalle de | pour cent pour chaque 
groupement alkoxyl, peuvent étre obtenus a l’échelle microscopique. La présence de soufre ne 


rene pas 
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APPLICATIONS OF COMPLEMENTARY TRI-STIMULUS 
COLORIMETRY-—II 


A LEAST SQUARE METHOD APPLIED TO MULTICOMPONENT 
SYSTEMS 
H. FLASCHKA 
i Institute of Technology, Atlanta, Georgia, U.S.A 
(Rece ved 12 {uzust 1960) 


Summary 1own how the calculation of colorant concentrations in complementary tri-stimulus 
the application of the least square method, rather than by simple 
iveraging of set fr t this improvement a matrix approach is especially useful, and the 


colorimetr in be improved by 


required equations are developed. Comparison of results obtained by the two methods shows the 


Superiority ¢ ( i X approacl 


THE first paper in this series' considered the application of complementary tri-stimulus 
colorimetry to the photometric analysis of binary and ternary mixtures of colorants. 
It has been shown that more reliable results can be obtained in this manner than with 
the classical approach to photometric analysis. For a binary mixture, instead of two 
wavelengths, three “ranges” are selected, each range containing an appropriate 
number (5-10) of wavelengths at which absorbance readings are taken. With the use 
of an averaging process, the sum of the absorbance readings in each of the three 
ranges (denoted by U, V and W) are used to calculate the complementary colour 


co-ordinates u. v and w. which are defined by the following general formula 


- (1) 
YR 


where is the mplementary colour co-ordinate (u, v and w for i 1, 2 and 3 
respectively) and R; is the sum of the absorbance readings in the ith range (U, V and 
W for l 


to have a value of unity. The complementary colour co-ordinates of a pure colorant 


2 and 3 respectively). The weighting factors for each range are assumed 
are concentration-independent parameters and are characteristic of the particular 
colorant. The optical concentration of the solution of a colorant, J, is given by the 


formula 


> R (2) 


where « is a constant, the numerical value of which for the present purpose can be 


deliberately taken to have a value of unity. 
rhe overall absorptivity (the analogue of the extinction coefficient of the classical 
approach), E, is related to the analytical concentration by the formula 
J + E l (3) 
where C is the analytical concentration and / is the length of the light path through 


the solution. 





A least square method applied to multicomponent systems 


Each colorant is represented by a discrete point in the complementary colour 
diagram (usually a u-v plot; however, if convenient, a u-w or v—-w plot may be 
employed). Any mixture of two colorants will have complementary colour co-ordi- 
nates which define a point located on the straight line connecting the complementary 
colour points of the two pure coiorants. (This will be true only provided that the 
Lambert-Beer law is valid for each of the colorants and that their absorbances in a 
mixture are additive.) This “system line” can be calibrated in mole fraction (or any 
other fraction) thus making possible direct reading of that parameter for a mixture. 

A partially graphical approach was presented in the earlier paper for the 
calculation of the concentration of the components of a binary and also of a ternary 
mixture of colorants. Further, a purely algebraic approach was given to determine 


these concentrations, which is based on the following set of equations: 
( a u I C u I (4a) 
\ (4b) 
W (4c) 


where the subscripts m, a and 6 refer, respectively, to the colour parameters of the 
mixture and of each of the two components. Since there are three equations in the 
set and only two unknowns, the system is over-determined. Hence, three sets of 
results are obtained from the three possible pairings of the equations. The results 
will, of course, be identical where no erratic influences are present, or in the possible, 
but improbable, case that errors compensate each other. The three results may 
simply be averaged arithmetically in order to obtain a better result. However, when an 
erratic influence predominates in only one range, one result may differ markedly from 
the other two, and hence may be discarded in taking the average. But this is not an 
exact mathematical procedure. 

A more reliable result will be obtained by applying the method of least squares to 
obtain mathematically the “best fit’. This can be accomplished by applying 
appropriately the matrix approach developed by Bauman.* The treatment will be 
given in detail for the analysis of a binary mixture. Any number of components 
could be present, but then the number of ranges would have to be increased; in 
practice the mathematical effort would be tedious, and it might be simpler to exclude 
some components by separations, masking, efc. 

In a general treatment, the sum of the absorbance readings of a mixture in any 
range is given by the following formula 


(D) 


where R, is the sum of the absorbance readings in the ith range and all components 
present up to and including the jth and where r;; is the complementary colour 
co-ordinate in the ith range for the jth colorant and E, is its overall absorptivity. 


For simplicity, the product r E, may be denoted by K. Then in matrix 


notation, the equation (5) takes the form 
R KC (6) 


where R, K and C are the matrices of the corresponding parameters. Cramer's rule 
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s applicable to the solution of equation (6) if the number of equations equals the 
»f unknowns, as has been shown previously.’ In order to apply the least square 
ectively, more equations than unknowns are needed, but then the number 

not equal the number of columns and the simple determinant approach 

r applicable. This difficulty can be overcome, as has been demonstrated by 


note the difference between the sum of absorbance readings in the range i 
actually ained in the analysis and the “‘true”’ (i.e., the theoretical) value. Then the 


ollowing formula is valid 


Sv) 


D KC R. (8) 


t t 


» best set of values for C, by the method of least squares, the values of d 
ed and summed, and the first derivative with respect to C must be set 


In other words - Sd? = 0. For the equation in matrix notation, the 
CC 
nay be developed stepwise as follows. 
24° = D*D = (C*R* R*)KC — R) (9) 
asterisks denote the transpose of the particular matrix. By multiplying out, 
ving is obtained: 


D*D = C°A°AC He Ge R*KC ing 8 (10) 


tiation of this equation leads to 


aD*D ac* eeeu CoC 


K*KC + C*K*K K*R R*K. (12) 


(13) 


the derivative equal to zero leads to the formula 
K*KC K*R. 
roducing the substitutions 
K’ K*K 
R’ K*R 
the final equation is obtained which represents the condition of “best fit”: 


R' = K’'C. 
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A mixture containing any number of components can be treated in this manner 
provided that the number of ranges selected exceeds by at least one the number of 
components, that is, i > j # 

It ‘should be realised that the graphical treatment considered in the earlier paper! 
is no longer applicable when more than three ranges are selected, since a multi- 
dimensional plot would be required. 

For a binary system, the extent of the calculations necessary for the matrix 
approach compares favourably with that using the algebraic approach, and more 
reliable results are obtained. 

In the following paragraphs the entire matrix approach is presented in stepwise 
fashion for a binary system, with the general formulae paralleled by their application 
to the following assumed numerical results. Colorant a and 4 are assumed to be 
present in 0:100M solutions and to have the following complementary colorimetric 
parameters : 

‘O00 u 0-100 v 0-200 0-700 
2;000 0-400 1 0-400 0-200. 


195 
TT 


From these data and the application of equations (4a)—(4c), the “‘theoretical” values of 
the complementary colorimetric parameters can be calculated for a mixture which 
contains 10-00 ml of each of the 0-100M solutions of the pure colorants in 100 ml of 


final solution, namely 
[ 9-000 \ 10-000 and W 11-000. 


In order to demonstrate the improvement achieved by application of the method 


of least squares, the assumption is made that some erratic influence is present that 
causes a deviation in the u-range such that U,,, has the “‘experimental” value of 9-300 
rather than the “‘true”’ value of 9-000. The values of C, and C, can then be calculated 
by the algebraic approach, by inserting the numerical data into the set of equations (4): 


9-3 0O-1C 0-8$C 
10-0 0-2C 0-&C 


11-0 0-7C 0-4C 


[he values obtained by solving the three possible pairs of these equations ar 
in Table I, columns A, B and C. 

It will be seen that one set of values, thus obtained, differs markedly from the other 
two. Hence, a better result is obtained by discarding this set of values and averaging 
the remaining two, rather than by averaging all three sets. Both averages are recorded 
in Table I. 


TABI (COMPARISON OF VALUES OBTAINED BY APPLYING DIFI 


Erratic influences operative only in the u-range 


\ B 4 Least 


Equations Equations Equations ; square 


. 


(18)-(19) (18)-(20) (19)-(20) method 


7:00 9-77 10-00 9-84 10-00 
10-40 10-00 10-23 10-00 
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Since the erratic influence was assumed to be present only in the w-range, two sets 
of values had to be incorrect and one correct. In a practical case, the influences will 
most probably be operative in each of the three ranges and to different degrees. Hence, 
the distribution of errors and their magnitude will be more complex than in this simple 
demonstration example. In practical cases, it is usually not possible to discard 


“safely” one set of values, and all three must be averaged. In such a case the method 


of least squares will always yield a superior value. 
The procedure takes the following form: 


10°63 | 
| 
0-4) | 10-0 10-84 | 


11-0 


10°63 


‘54 10-84 


| 10°63 9-840 
} 


| 


| 
10-84 1-0252 |-0647 | | 10-84 10-226 | 
| | | 
|| | 


0:5702 05702 
(K’) R’ 


which is finally 
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The final result obtained by this matrix approach is also presented in Table I. 
Inspection of this Table reveals that the results obtained by the matrix approach are 
far superior to the averages obtained by combination of the three sets of results 
obtained by the algebraic method. Indeed, the set of results by the least square 
method differs only slightly from the averages obtained in the algebraic method after 
rejecting the obviously erratic set of results. 

The results of a further example in which the erratic influences are operative in all 
three ranges are presented in Table II. The “experimental” values are assumed to be 
U,, = +30, ¥, 9-700 and W,, 10-700 and the true values to be the same as in 
the first example. 


TABLE COMPARISON OF VALUES OBTAINED BY APPLYING DIFFERENT METHODS 
Erratic influences operative in all three ranges. 





B C Least 
Equations Equations Equations : square 


value 
(18)-(19) (18)-(20) (19)-(20) method . 


4-00 9-3] -7! ; 9-84 10-00 
11-12 10-46 10-66 “f 10-21 10-00 


It will be seen from Table II that the results are “poor” when the algebraic 
approach is employed, especially when the most discordant set of results is retained 
in averaging. In contrast, the matrix approach is far less affected by the erratic 
influences. In this example, nearly the same result is obtained with the matrix approach 
as in the first one. This finding is explained when it is considered that the three 
parameters are close in numerical value, and that the assumed errors are equal in 
magnitude but opposite in sign. 


The impressive improvement obtained by the matrix approach justifies the 


additional calculation involved. Further, when an analysis of a given system is 
effected repeatedly, some of the intermediate parameters of the matrix operations are 
independent of the concentrations and need only be calculated once. Thus, in the 
first illustrative sample the calculation can proceed through the inverse of K’, which 
is denoted in equation (24) by (K’)~'. Then only R’ need be calculated for a particular 
analysis according to equation (23). The combination of K’ and R’ by the last step 
of equation (24) then yields immediately the concentrations of the two colorants. 

The matrix approach has also been applied to the ternary system described in the 
earlier paper’, namely the EDTA complexes of copper, nickel and cobalt in a 
buffered aqueous solution. In one particular mixture, the actual concentrations of 
the three colorants were 10-00 ml of 0-1M Cu-EDTA, 5-00 ml of 0-1M Ni-EDTA and 
5-00 ml of 0:1M Co-EDTA per 100 ml of the final buffered solution. By using the 
three ranges and the algebraic approach (which does not represent an over-determin- 
ation for the three-component system), the values obtained from experiment were, 
respectively, 9:96, 5:28 and 4-69 ml of 0-1M metal-EDTA solutions per 100 ml of 
final solution. 

To apply the matrix approach of the present paper, a fourth range was chosen; 
however, the wavelengths in it were selected from those in the other three ranges in 
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order not to introduce an unfair advantage for the matrix approach in comparing 

results. The results obtained were respectively, 10°15, 5-13, and 5-07. 
Admittedly the matrix calculation for a three-component system is tedious, 
the calculation of the transpose (K’)~*. Of course, where the analysis is to 
repeatedly, this matrix parameter is calculated only once, thus reducing 
effort in further analyses. The general scheme for the calculation of 
e-by three matrix is described below in order to aid the reader 


1atical operations 


the following 


facto 
CO-Tactlo! 


s, which is the 
is the numerical value of the 
[he co-factors are calculated by applying 


by-two determinants separately 


the problems considered in the present pa] 


an the mathematical impedimenta sugge 


sses considerable symmetry, and therefore severa 


need only be calculated once. 


Zusammenfassung vird gezeigt, dass d schnung der Konzentrationen der Komponenten 


yn Mehrst steme! der komplementdren Tristimuluskolorimetre erheblich verbessert werden 


Mittelung der Resultate die Methode der kleinsten Quadrate angewendet 
der Berechnungen hat sich der Gebrauch von Determinanten und 
erwiesen und die nétigen Gleichungen sind abgeleitet. Vergleich der nach 


] 


iltenen Resultate zeigt die klare Uberlegenheit der neuen Methode. 


Lis 
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Résumé 


L*auteur montre que le calcul des concentrations de colorants dans la colorimétrie trichrome 


peut etre amélioré par l’application de la méthode des moindres carrés plutot qu’en prenant simple- 
ment la moyenne des séries de résultats. Dans cette amélioration, une approximation par matrice 
est spécialement utilisée, et les equations nécessaires sont développées. La con 
es deux méthodes montre la supériorité de approximation par m 


) 1 le mo Itat 
iparaison des resuitats 

hten nar | 

ootenus pa 


Jr., Philipsburg, New Jersey, is thanked for 
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INVESTIGATIONS WITH IRIDIUM-192 OF SEPARATIONS 
OF PLATINUM AND RHODIUM FROM IRIDIUM—II 


K. W. LLoypb and D. F. C. Morris 


of Chemistry, Brunel College of Technology, London, W.3, England 
(Received 12 August 1960) 


Summary 1as been used as a tracer in a study of the separation of platinum and rhodium from 


lium by the f mercury hloride or mercury” chloride and hypophosphorous acid as a 


selective preci] 
that platinum may be separated satisfactorily from iridium by the use of either 
the mercury salt and hypophosphorous acid. In the presence of bromide, 
ently separated from iridium by precipitation using a slurry of mercury 
ay be precipitated quantitatively by the slurry if iodide is present 
yn of rhodium and iridium and subsequent determination 
sronosed 
INTRODUCTION 
IN 1934 Pierson!’ showed that platinum and palladium were precipitated from certain 
solutions by mercury! chloride (calomel). More recently, Powell*’ has found that 
platinum, palladium and rhodium may be precipitated from solutions of their 
chlorides in dilute hydrochloric acid by the addition of mercury! chloride and the 
subsequent addition of hypophosphorous acid and heating. The metals, precipitated 
in this manner, settle rapidly in a readily filtering form which yields the pure metal on 
ignition. The reaction is apparently due to reduction of mercury! to mercury! by the 
hypophosphorous acid, followed by the reduction of the platinum metals in solution 
by the mercury!. Hypophosphorous acid, alone, produces no precipitate except in 
the case of palladium. The procedure forms a simple means of separating platinum, 
palladium and rhodium from iridium. 


it 


In the present study '**Ir has been used as a tracer in investigations of the separation 


of platinum and rhodium from iridium by precipitation with calomel and also with 
I y | 


mercury!! chloride and hypophosphorous acid. In addition, a new rapid procedure 
for the separation and determination of milligram quantities of rhodium and iridium 
has been developed 

Stock solutions of platinum metals and '*Ir used in the work were similar to those 


employed in the research previously reported.* 


OXIDATION POTENTIALS 

Relevant oxidation potentials for ion-electron half-reactions of calomel and 
complexes of platinum, rhodium and iridium are shown in Table I. The values are 
those given by Latimer® and the conventions employed by that author have been 
followed. 

[he recorded potentials indicate that mercury! chloride should serve as a pre- 
cipitant for iridium metal. However, it must be remembered that oxidation potentials 
measure energy differences and bear no relation to reaction kinetics. Many reactions 
which are energetically possible are not observed because they proceed too slowly to 


16 
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be followed. In addition, oxidation potential values refer only to equilibrium 


conditions and many reactions are encountered in which such conditions do not exist. 


Reductants other than mercury! chloride, e.g. copper powder, do not easily 


precipitate iridium, although oxidation potentials suggest that reduction to the metal 
should occur. The problem has been discussed by Tertipis and Beamish.® 
SOLUTION 


TABLE | STANDARD OXIDATION POTENTIALS IN ACIDIK 


Equation 


RhCl 
IrCl 


PRECIPITATION OF PLATINUM AND SEPARATION FROM IRIDIUM 


Solutions containing milligram quantities of platinum and iridium labelled with 


“Ir were prepared 
in 50 ml of dil. hydrochloric acid. These 


were heated to boiling, and either (a) 5 ml of 3% (w/v) 
mercury" chloride and 5 ml of 10°% (v/v) hypophosphorous acid or (4) solid mercury’ chloride or (c) a 
slurry of mercury! chloride were added. (The slurry of mercury’ chloride was prepared by the addition 
of dil. hydrochloric acid to a hot solution of mercury’ nitrate in dil. nitric acid; the precipitate of 
mercury! chloride was washed by decantation with distilled water until free from acid and was used 
with a little water as a semi-fluid mixture) 


ABLE Il SEPARATION OF PLATINUM FROM IRIDIUM 


Platinum Iridium Platinum Iridium found radiometrically 


taken, taken, Conditions of separation found, recovered platinum, 


meg mg mg me 


10-0 10-0 HCl,Hg l, H, PO 10-33 0-004 
10-0 10-0 % HCl,Hg,Cl, (solid) 9-94 0-052 
10-0 10-0 HCl,Hg,Cl, (slurry) 10-10 0-005 


In each case the resulting solution was boiled for 10 min and the precipitate of platinum was 
collected on a 9-cm Whatman No. 44 filter paper 


rhe beaker was rinsed with hot 2% hydrochloric 
acid. Any precipitate adhering to the walls of the beaker was removed with a small piece of filter paper, 
which was then placed in a porcelain crucible together with the main precipitate and ignited in the 
usual manner.’ The recovered platinum was mounted on a tared aluminium counting tray, weighed, 
and counted with a y-scintillation counter, type 1186A 


In each test an aliquot of the labelled iridium solution was employed for a standard, as in the 


studies previously described. 
Results of these experiments are shown in Table Il. In each case a satisfactory 
separation of platinum from iridium was obtained. 


PRECIPITATION OF RHODIUM AND SEPARATION FROM IRIDIUM 

Standard solutions of rhodium with labelled iridium in dilute hydrochloric acid 
were treated in a similar manner to the mixtures of platinum and iridium, except that 
the final samples of rhodium were reduced in hydrogen before weighing and counting. 

It was found that when mercury! chloride and hypophosphorous acid were used 
as the reducing agent, the weight of rhodium precipitated decreased with an increase 
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in the hydrochloric acid concentration (Table III, tests 1-3). The contamination of 
the precipitate with iridium also decreased with an increase in the acid concentration. 
In addition, it was found that either solid calomel or the freshly prepared slurry 
rhodium quantitatively, even after re-treatment of the filtrate 


»ARATION OF RHODIUM FROM IRIDIUM 


Iridium found radio- 
Rhodium : ow se 


Sasi metrically in 
OUTlld, 


: recovered rhodium 


mg 
0-082 
0-076 
0-050 
0-016 
0-019 


0-164 
0-062 


e€ presence of hromide 
oxidation potentials characteristic of the 
ne cases, bromide complexes may be reduced 
y ¢ hloride complexes. l as decided, therefore, 


reduction of rhodium by calomel. 


excess of mercury! chloride slurry 


: uy- a 
acid and of potassium bromide. 
A - 1 2 
ce of bromide led to a bette1 
> concentration gave rise to a greater 

. but the contamination could be reduced 

acid concentration. 

g a double precipitation of the rhodium. The 
vas collected on a 9-cm Whatman No. 44 filter paper, washed 
yived from the paper wich hot hydrochloric acid saturated with 

1 the original beaker, evaporated to ca. 1 ml and diluted to 
x of potassium bromide were added and the rhodium 
slurry. Quantitative recoveries of rhodium were obtained 


1e contamination by iridium was negligible (Table IV, tests 10-12). 


PRECIPITATION OF IRIDIUM BY CALOMEL IN THI 
PRESENCE OF IODIDE 

It was found that iridium could be precipitated from the filtrates in the studies 
summarised in Table IV by the addition of 5 g of potassium iodide and a further 
quantity of mercury! chloride slurry. In many cases the recovery of the metal was not 
quantitative, and further tests were carried out to determine the most favourable 
conditions for complete precipitation. 

rhe tests were made using different concentrations of hydrochloric acid, bromide 
and iodide, and various volumes of solution. It was found that less iridium was 
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TABLE I\ SEPARATION OF RHODIUM FROM IRIDIUM USING A SLURRY Of} 
CALOMEL IN THE PRESENCE OF BROMIDE 


Iridium found radio- 


Rhodium Iridium Rhodium 
Test taken, taken 


Conditions of separation using , ‘ metrically in 
. pee © found, aN, 
mercury chloride slurry recovered rhodium, 
p b me 


ng mg 
5 . 5 


ng 


50 ml 2% HCl l 
50 ml 10% HCl 1g KBr 9-82 0-097 
50 ml 20° HCl l1¢ KBr 9-72 0-048 
50 ml 2% HCl 2:5 g KBr 10:58 0-749 
50ml 2% HCl 5 ¢ KBr 11°15 1-129 
50 ml 2% HCl 7:5 g KBr 11-65 1-583 
50 m] 20° HCl 2:5 g KBr 10-62 0-363 
50 ml 20° HCl 5g KBr 10-42 0-569 
50 ml 20° HCl 7°35 g KBr 10-69 0-79] 
50 ml 20°, HCl 5 ¢ KBr 

(double precipitatic 10-02 0-007 

(double precipitation 10-03 0-007 


(double precipitation 10-08 0-005 


¢ KBr 9-96 0-137 


TABLE \ CIPITATION OF IRIDIUM USING ( CALOMEL IN THI 


PRESENCE OF IODII 


Iridium Iridium found 
onditions of precipitation using ee ee 


taken, radiometrically in 


} y ] _— 
mercury chloride slurry 
the precipitate 


100 ml 10°, HCl 5 g KBr 

200 ml 10° HCl 5g KBr 

300 mi 10° HCI 5 g KBr 

200 ml 10°, HCl 5g KI 

200 ml 10°, HCl 5g KI 

200 ml 10°, HCI 10 ¢g KI 

200 ml 10°, HCI 15 g KI 

200 ml 10%, HCl + 20g KI 

200 ml 5% HCl 10 g KBr 10g KI 

200 ml 10% HCl + 10g KBr + 10g KI 

200 ml 20° HCl 1C g KBr 10g KI 5°68 
200 ml 10°, HCl 10 g KBr 1g KI 5°27 
200 ml 10°, HCl 10¢ KBr + 3g KI 10-11 
200 ml 10% HCl 10g KBr 5 g KI 10°17 
200 ml 10°, HCl 10¢ KBr 5 g KI 10-09 
200 ml 10° HCl + 5 ¢ KBr + 5g KI 10:07 
200 ml 10°, HCl 5 g NaBr 5 ¢ KI 9-98 
200 ml 10° HCI 10 g NaBr Sg KI 10-04 


recovered as the volume of the solution and the acid concentration were increased. 
Five g of potassium iodide appeared to be sufficient for the reaction, but the presence 
of bromide was found to assist in the recovery of the iridium (Table V). It was 
observed that in order to obtain complete recovery, it was necessary to boil the 
solutions until the colour changed from brown to black. 
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Iridium was not precipitated from solutions containing iodide by the addition of 
mercury!! chloride and hypophosphorous acid. 


ANALYTICAL PROCEDURE FOR THE SEPARATION AND 
DETERMINATION OF MILLIGRAM QUANTITIES OF 
RHODIUM AND IRIDIUM 

Relatively few convenient and satisfactory methods for the separation and 
subsequent determination of rhodium and iridium have been reported.®*" The 
following new procedure is proposed on the basis of the present study. 

\ sample solution should not contain more than 0-1 g of rhodium and iridium as 


hloride complexes, and oxidising acids must be absent. 


DETERMINATION OF RHODIUM AND IRIDIUM 


Iridium 
in recovered 
rhodium, 


me 


5 g KBr, 10-05 0-005 


S$ ¢ KBr 10-02 0-005 
ir Ir) 

10 2 KBr, ( 0-008 
yr Ir) 

10° KBr. 55 9-83 0-006 
r Ir) 


cer to 100 ml with 20°% (v/v) hydrochloric acid and add 10 g 
add a slurry of mercury’ chloride until all of the rhodium has 
ndicated by the presence of an excess of white calomel). Continue boiling, with 


gh a 9-cm Whatman No. 44 
ash the precipitate well with 2% hydrochloric acid. Retain the filtrate for the determination 


the rhodium coagulates and settles rapidly. Filter throu 


Dissolve the precipitate of rhodium on the paper with hot brominated hydrochloric acid and wash 


it into the original beaker. Evaporate the resulting solution to ca. 2 ml and dilute to 100 ml with 
20% (v/v) hydrochloric acid. Add 10 g of sodium bromide and precipitate rhodium with mercury’ 
chloride slurry as before. Filter and wash the precipitate with hot 2% hydrochloric acid. Retain the 
filtrate for the determination of iridium 

Heat the precipitate of rhodium gently in a porcelain crucible in an efficient fume-cupboard to 
burn off the filter paper and volatilise mercury. Then heat for 30 min at 1000° in an electric muffle- 
furnace. Reduce the residue of rhodium in hydrogen, cool and weigh. 

Combine the filtrates containing the iridium and evaporate to 200 ml. Add 5 g of potassium 
iodide, boil gently, and add an excess of mercury’ chloride slurry. Boil until the colour changes from 
brown to black. Allow the precipitate to settle. Filter, wash, ignite at 900°, reduce in hydrogen and 
weigh the resultant iridium as for the rhodium. 


Results of tests of the procedure show that the separation and recovery of the 
metals is satisfactory, and that very little iridium is detectable in the recovered rhodium 
(Table VI). 
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Zusammenfassung—lridium-192 wurde als Tracer verwendet um die Trennung von Platin und 
Rhodium von Iridium mittels Mercurochlorid oder Mercurichlorid und hypophosphoriger Saure als 
selective Fallungsmittel zu studieren. Es wurde gefunden, dass beide Reagenzien eine befriedigende 
Trennung von Platin und Iridium gestatten. In Gegenwart von Bromid kann Rhodium von Iridium 
getrennt werden durch Fallung mittels einer Aufschlammung von Mercurochlorid. Iridium wird 


durch diese Aufschlammung quantitative gefallt, wenn Iodid anwesend ist. Eine neue Schnell- 
methode zur Trennung von Rhodium und Iridium und anschliessenden Bestimmung der beiden 


Metalle wird vorgeschlagen. 


Résumé—L ‘iridium 192 a été utilisé comme traceur dans une étude de séparation du platine et du 
rhodium dune part et de iridium d’autre part, le chlorure mercureux ou le chlorure mercurique et 
lacide hypophosphoreux étant utilisés comme précipitant sélectif. Les auteurs ont trouvé que le 
platine peut étre séparé de iridium de fagon satisfaisante par lutilisation de un ou lautre de ces 
composes. En présence de bromure, le rhodium peut étre séparé convenablement de liridium par 
une précipitation utilisant une pate de chlorure mercureux. L’iridium peut étre précipité quantitative- 
ment par cette pate si de liodure est present. Une nouvelle méthode rapide de séparation du rhodium 


et de liridium et le dosage subséquent de ces deux métaux sont proposés 
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rITRIMETRIC ANALYSIS WITH CHLORAMINE-T—II 


THE CHLORAMINE-T-ARSENIC"™ REACTION 
\ POTENTIOMETRIC STUDY 


E. BisHop and V. J. JENNINGS 


Laboratories, The University, Exeter, Devon, England 
30 May 1960) 


Summary potentiomett idy has been made of the titration of arsenic with chloramine-T 


el of condit to establish the limits within which the reaction is 


to gain an insight into the mechanism of the re- 


tically accept 
II 


nce of added halide, chloramine-T oxidises arsenic’ 

lution or not at all at lower hydrogen ion concentrations. 
is satisfactory with a chloride concentration greater than 
ver the range 0-5 to 5:0M. In the presence of bromide 
ction 1s quantitative over a hydrogen ion concentration 

»f iodide to a final amount of 0-005M the results are 
presence of bromide or iodide the range can be extended 
the halide concentration. The actual oxidising species is 
igenic action by halide ion, and is probably free halogen. 
determining small quantities of arsenic!!! (about 0-1 mmole) 


<ed improvemcut In accuracy. 


THE ch mine arsenic!!! reaction is of fundamental importance in two ways. 


First, arsenious oxide is a primary, if not an ultimate, standard, and may be used for 
standardisation of chloramine-T solutions.’ Upon the accuracy of this reaction, 
therefore, rests the accuracy of all other titrimetric determinations with chloramine-T. 
Second. many substances are not amenable to direct or reverse titration with 
chloramine-T, either because the reaction is incomplete or too slow, or because 
suitable indication of the end-point is lacking. In such cases it is often possible to 
make the reaction rapid and quantitative by using an excess of chloramine-T, followed 


by destruction of that excess by the addition of arsenic!!! solution, the excess of which 


is finally determined by continuation of the titration with the original chloramine-T 


solution. This technique* is termed ‘“‘double-excess back-titration”’. 

Consequently, this reaction has been subjected to the closest scrutiny, and the 
conditions of reaction varied over a very wide range in order to define their limits, 
without neglecting detailed examination of conditions intermediate between the 
limits so that any anomalies, such as arise in the bromate—antimony!!! reaction, may 
not escape detection. Since this is the most widely applicable reaction, it has been 
used for the development and assessment of new indicators, and of new techniques 
such as differential electrolytic potentiometry. 

Previous accounts of the reaction tend to be vague and inadequate, giving rise to 
ambiguity and uncertainty. Thus, arsenic! has been 
(a) titrated in bicarbonate solution* containing some potassium iodide and using 


* Present address: Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, Pa., U.S.A. 
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starch as indicator. The amount of iodide has not been examined. nor has the 

possibility of using other buffers in place of sodium bicarbonate. 

titrated in “‘neutral”’ solution (i.e. without the addition of buffers, acids or alkalis) 

at elevated, but unspecified temperature either potentiometrically® or using 

starch-iodide paper® as external indicator. 

titrated potentiometrically in hydrochloric acid.7:5 

concentration 1s uncertain. 

titrated in hydrochloric acid using the visual indicators methyl red,° | 
hoxychrysoidine.’ Titrations with methyl red were carried 


. , > ov , , . 
Carmoisine” and p-elt 


out at an elevated, but unspecified temperature in 1-0M acid. Titrations using 
brilliant carmoisine and p-ethoxychrysoidine were carried out in 5°, concentrated 


hydrochloric acid at room temperature. 
Only in the case of methyl red® has the end-point been checked by the recognised 
criterion of potentiometric titration. Since most indicators incur an appreciable 


titration error, this is an important omission. The data presented here will be used 


for this purpose in a subsequent paper’’ describing work with visual indicators. 
In the present paper, the detailed potentiometric study of the oxidation of arsenic! 
is described and the results are briefly discussed only as far as they affect the 


present determination. 


EXPERIMENTAI 


-viously descril 


. j 
specihed DdeLow 


entiometric titration under 


previously 


0-05M arseni olution, free from chloride prepared 


nstead of hydrochloric ac 
oncentration being about 0:05M 


] 


omide AnalaR reagent, free from bromate, other oxidisir 


1 
) 


7 LL! ‘ > 1 4 “> > + 
i> of chloride, was used to prepare a sto 
[ 


taining approximately 0 
L is: AnalaR compounds were used to prepare the stock sol 


’ . 2 j sha rat n yIy 1 na 
f solid added to the titration s« iution, an 


he titration in a volume of 200 ml are giv 


One mole of s um bicarbonate dissolved, by 100 m 


sr, then diluted to 1 litre. (80 ml, pH 8-0) 

Borax—Solid borax decahydrate was used. (3-8 ¢ final concentration of 0:05M, pH 8:9), 

Sodium carbonate—Solid anhydrous sodium carbonate was used. (2:1 g final concentration of 
0-1M, pH 10-4). 

Acetate—A solution 0-6M in sodium acetate and 1-4M in acetic acid. (50 ml, pH 4-2). 

Phosphate—A solution 0-233M in disodium hydrogen phosphate and 0:1M in potassium dihydrogen 
phosphate. (40 ml, pH 6:2) 

Phthalate—0-2M potassium hydrogen phthalate. 
pH 2:3; 50 ml plus 10 ml of 0-5M hydrochloric acid, pH 2-5) 


(50 ml plus 15 ml of 0-5M hydrochloric acid, 


Procedure 

The volume of titration solution was fixed to be 200 ml at the equivalence point, and quantities 
of acid, potassium halide, etc., sufficient to give the quoted concentrations at the equivalence point 
were initially added. In diluting the solution with halide-free distilled water to begin the titration, 
due allowance was made for the amount of wash water used during titration. The latter quantity 
was determined by averaging the amount used over a number of trial runs, and led to a final deviation 
in equivalence point volume of about +-2°%. In passing through the end-point, increments of titrant 
were added split-dropwise, by allowing a drop partially to form, removing this from the burette tip 
with a clean, but moist glass rod, then washing into the titration beaker. Potentials were taken to be 
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in eq um when the rate of drift fell below 1 mV per min. Generally, potentials reached equl- 
librium through the end-point in less than 5 min, and after the end-point in less than 3 min. When 
equilibration was slower than this, it was usually very much slower, and in such circumstances 
taken at 15-min intervals, except in the cases noted where the potential was rising 

ilence point, when a period up to several hr if necessary was allowed. When the 

ting’, that is drifting slowly about in an aimless fashion, as happens before the 


rreversible reductant, readings were taken at 5-min intervals. Normally 














iG. 1. Titrations in irochloric acid media 
\ | Curves 1-8, HCl 


alone 


Curves 9-16, in 0-1M bromide 





the portion of the curve within 1 ml (+4°%,) of the end-point was carefully studied, but where 
exploratory titrations indicated further features of interest, e.g. a second inflection, the range was 
appropriately extended. Although only one curve is illustrated under each set of conditions and the 
figures in the tables refer to the single result from each curve, curves and end-points were checked 
by replication, usually in triplicate, and all showed excellent reproducibility of potentials (within 


2-5 mV) and of end-points (within a titrimetric error of +0-016 ml or —0-06°,). 


RESULTS AND DISCUSSION 
Reaction in hydrochloric acid media 
(a) Alone. Curves are shown in Fig. | for titrations over the range 0-1 to 7-0M 
hydrochloric acid. All gave satisfactory end-points, but in the titration at 0-1M 
hydrochloric acid, the equilibration of potential was so slow as to render the titration 
impracticable. At higher acid concentrations equilibration was reasonably rapid, 
though the potentials were unsteady before the end-point in acid concentrations below 
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3-0M, as is to be expected with an irreversible reductant. Above 3-0M hydrochloric 
acid, the pre-end-point potentials became quite steady. 

The results in Table I indicate that the end- and equivalence points are in satis- 
factory agreement over the range of 0-5 to 5-OM hydrochloric acid. Below 0-5M acid, 
the end-point is premature and the reaction is incomplete and extremely slow. Above 
5-0M acid, the end-points become progressively earlier due to a shift in the redox 
equilibrium at high hydrogen ion concentrations. 


vf 





FIG Titrations in sulphuric 
acid media 

Curves 1-2, H,SO, alone 

Curves 3-5, in presence of chloride 

Curves 6-10, in presence of bromide 

















| 


| 


| 


(b) Jn the presence of 0-1M bromide. With a bromide concentration of 0-1 M at the 
equivalence point, excellent end-points were obtained over a range of hydrochloric 
acid concentrations from 0-1M to 7-0M as the curves 9 to 16 in Fig. 1 show. Equi- 
libration of potential was rapid in all cases, and the pre-end-point potentials were 
steadier than in the absence of bromide, though the improvement with increasing acid 
concentration was not so marked. The accuracy is good from 0:1 to 5-0M hydro- 


chloric acid, but at higher acid concentrations oxidation of bromide by arsenic’ gives 
rise to negative errors. 


Reactions in sulphuric acid media 


(a) Alone. Curves | and 2 in Fig. 2 and the results in Table 1 appear to be quite 
satisfactory but, in fact, the reaction was extremely slow; the points for the curves 
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were recorded at 15-min intervals and there was no real end-point—merely a slow 
increase in potential on long standing at the noted end-points. In 0-25M sulphuric 
acid the reaction, if any, was so slow that no curve could be derived. In the presence 
of excess chloramine-T, however, the potentials came to equilibrium quite quickly, 
presumably due to the formation of chloride of concentration 2 x 10°°M by 
decomposition of the chloramine-T. 
(b) In the presence of added chloride. With a chloride concentration of 0-1M at 
point it was possible to obtain a curve in 0-25M sulphuric acid, 
rate of potential rise at the end-point was still very slow. Increasing 
acid concentration to 10M gave a much more rapid, but slightly 
> at the end-point. By increasing the chloride concentration to 2-°0M 
ne sulphuric acid concentration satisfactory curves, equilibration speeds 
nts were produced, and the solution became green due to the liberation 
fter the end-point 
’ both hydrogen and halide ion is therefore necessary before the 
nalytically useful 


ce of added bromide. With a bromide concentration of 0-:1M at 


titration in the range of sulphuric acid concentration from 


lent end-points in close agreement with theory, and bromine 
end-point. With a bromide concentration of 
achieved at higher potentials. Although the 


> reduced side, the equilibration rate was rapid 


idded chloride. In 0-025M chloride the reaction 
pH 2:5, and the reaction ceased entirely at 
f added halide. 

nide. With an equivalence point concentration 
ide, satisfactory curves (1 and 2, Fig. 3) and results (Table 1) were 
achieved at pH 2:5 and pH 4:2; the end-point was late at pH 6-2 and the reaction had 
ceased entirely at pH 8. On the grounds that the late end-point at the upper pH limit 
of the reaction is due to hydrolysis of the free halogen which is the active oxidant,! 
an increase in the halide concentration should afford an improvement. An increase 
in bromide concentration to 1:0M at the equivalence point does, in fact, give con- 
siderable improvement at pH 6:1 (curve 4, Fig. 3, and Table I), but at higher pH 
values the reaction becomes too slow to be practicable. It is also notable that the 
appearance of the colour of free bromine after the end-point is delayed at higher pH 
values, being 0-5 ml after the end-point at pH 4-2 in 0-1M bromide and at pH 6:1 in 
|-OM bromide: at pH 6:2 in 0:1M bromide a 100% excess of oxidant was required 
before the colour appeared. Potential equilibration at the end-point became very slow 
in 0-1M bromide at pH 6:2, but rapid equilibration was restored on increasing the 

bromide concentration to 1:0M. 
(c) In the presence of added iodide. Curves 5 to 10 of Fig. 3 illustrate the effects of 
variation of pH over the range 2-3 to 10-6 in the presence of iodide at concentrations 
of 0-05 to 0-0005M at the equivalence point. Titrations were satisfactory from pH 4 to 
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pH 8-9 in 0-005M iodide and the results (Table 1) were accurate. Although the end- 
point appears to be satisfactory at pH 2:5, the reaction is too slow to be analytically 
useful, and a decrease in iodide concentration to 0-0005M in order to increase the 
redox potential did not significantly increase the rate of oxidation of the arsenic. 
The accuracy of the results is probably misleading, since negative errors may be 


expected to arise at such pH values due to the beginning of the shift in equilibrium in 
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Fic. 3. Titrations in buffer media. 

the iodine—arsenic!! reaction towards incomplete oxidation of the arsenic!!, but the 
slowness of the reaction tends to conceal this. A marked lateness in end-point appears 
at pH 10-6 due to hydrolysis of the iodine," and the accuracy may once again be 
improved by increasing the iodide concentration to suppress hydrolysis. An increase 
of iodide concentration to 0-05M reduces, but does not entirely eliminate, the error. 
At and above pH 4, equilibration of the potentials was rapid at and beyond the end- 
point, but as usual the potentials were unsteady on the reduced side. At very high pH 
values, the reaction again ceases entirely. 

It is therefore evident that the oxidising action of chloramine-T is rather specific, 
and is confined to restricted ranges of hydrogen ion concentration. In the absence of 
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TABLE 1.—POTENTIOMETRIC TITRATION OF APPROXIMATELY 0-005M As"! witH 
0-05M CHLORAMINE-I UNDER VARIOUS CONDITIONS 





Conditions Titre Error 


yncentrations at the equivalence point, M 


Buffer Theory Found 


H¢ H:SO, 447 KCI KBr KI 

0-03 
0-01 
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0-01 
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0 
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0 
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0-005 
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added halide, no reaction at all occurs at low acidities, while at high acidities the 
reaction is extremely slow, different in character from the normal reaction, and 
probably dependent on small amounts of chloride either initially present as impurity 
in the reagent or formed by its decomposition. In the presence of chloride ion, the 
reaction becomes impracticably slow and the end-point premature when the chloride 
ion concentration falls to 0-1M in strong acid solution. In the presence of hydro- 
chloric acid the minimum practicable concentration is 0:-5M, while the maximum con- 
centration is 5-OM. In more concentrated solutions the end-points become premature 
due to the influence of hydrogen ion on the As!!"/As¥ potential. In the presence of 
bromide, chloramine-T is a satisfactory oxidant over the range of hydrogen ion 
concentration 5-0 to 10-°M at a bromide concentration of 0:1M. At higher hydrogen 
ion concentrations the arsenic potential rises sufficiently to prevent complete reaction, 
and at lower concentrations the reaction becomes slow or ceases altogether. At the 
same time hydrolysis of bromine occurs, leading to late end-points, though this effect 
can be diminished by increasing the bromide concentration to 1-0M at a hydrogen ion 
concentration of 10-°M. In the presence of iodide, an upper limit is set to the per- 
missible hydrogen ion concentration for the oxidation of arsenic!!! by the oxidation 
of iodide by arsenic’, which is first evidenced by a rapid decline in the speed of reaction. 
\ lower limit is set by hydrolysis of the iodine produced as an intermediate. The 
practicable range is from pH 4 to pH 9 at an iodide concentration of 0-005M. An 
increase in the iodide concentration to 0-05M permits extension of the lower limit to 
pH 10 

Chloramine-T, therefore, although it has a high apparent redox potential, is 
incapable of effective reaction in the absence of added halide. In the presence of 
chloride it will react at a hydrogen ion concentration above 0-5M; in the presence of 
bromide this limit is extended to 10-°M, the upper limit of 5-0M being set in the 


titration of arsenic™! by partial reversal of the reaction between free halogen and 
arsenic!!! at high hydrogen ion concentrations. In the presence of iodide, chloramine-T 
will react down to pH 9 or even pH 10, an upper limit in the case of oxidation of 
arsenic!!! being set at about pH 4. It is also notable that the minimal requirement in 
respect to the concentration of added halide decreases with decreasing redox potential 
of the halide, being about 0-5M for chloride, 0-01M for bromide and 0-005 for 
iodide. Catalysts such as osmic acid, vanadates, molybdates or tungstates are without 


influence. 


Titration at low reagent concentration 

Titrations under most of the conditions described above were also made with 
ten-fold diluted reagents (0-0005M arsenic!!! and 0-005M chloramine-T); the curves 
are shown in Fig. 4 and the results in Table II. In all cases the end-point was late, 
generally to the extent of about 0-4%, but at a bromide concentration of 0-1M the 
error increased to about 1:5%. 

In hydrochloric acid alone, the rise in potential through the end-point at 0-5M 


was very slow, but improved at higher concentrations. The same was true in lesser 
degree in the presence of 0-01M bromide. An increase of bromide concentration to 
0-1M gave rise to peculiar curves. At all acid concentrations the potential started to 
climb slowly after the equivalence point, but there was no sharp rise until the recorded 


end-point, some 0-4 ml after the equivalence point. At this stage the potentials 
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reached equilibrium quickly and the colour of free bromine became apparent. The 
double inflections which may be sensed in all the curves become apparent in the 


presence of 0-01M bromide, though no additional error is introduced if the first 


rising inflection is taken as the end-point. The most satisfactory titration is considered 
n bicarbonate buffer with an iodide concentration of 0-005. Although 
is still more than 0-3% late, the potentials were steady and reached 


mV curves toy 











tions at ten-fold dilution 


equilibrium quickly. Titrations with visual indicators gave similar results, as will be 
shown in a subsequent paper,’ confirming that, although there is a slight improvement 
in precision (replicability), there is no improvement in accuracy when using diluted 
titrant. The same accuracy of 0°4°% is achieved in a titration requiring either 25 ml of 
0-005M titrant or 2:5 ml of 0-05M titrant. Chloramine-T shares this phenomenon 
with many other titrimetric reagents. 
Interpretation of curves 

Full discussion of curve forms and potentials will be deferred until all of the data 
for the various reactions have been presented, but certain salient features of the curves 
for the arsenic!!! reaction may be underlined at this time. 
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(a) In all cases the form of the curve and the behaviour of the potentials before 
the end-point is typical of an irreversible redox system. This is fully confirmed by the 
differential electrolytic potentiometric curves.* 

(b) The form of the curves through and after the end-point indicates a high degree 
of reversibility in the oxidant system. Many curves (e.g. curves 3, 4, 5, Fig. 1) illustrate 
10w the oxidant system picks up control of the potential just before the end-point." 


(c) The curvature on the oxidant side of the end-point under analytically useful 


ENTIOMETRIC TITRATION OF APPROXIMATELY 0-0005M As WITH 


0-005M CHLORAMINE-[ UNDER VARIOUS CONDITIONS 


0-1M KBr 
0-1M KBr 
0-1M KBr 


0-01M KBr 
1-0OM HCl 0-01M KBr 
20M HC! 0-O01M KBr 


0-:005M KI 


conditions fits extremely well vith 1e alue I ine numobde fr electrons 


transferred in the 1 


(d) The value of the potentials on the oxidant side does not rise with increasing 
hydrogen ion concentration. In view of the reversibility of the oxidant reaction, the 
potential-determining redox species cannot, therefore, involve hydrogen ion in its 
reaction. Chloramine-T, dichloramine-T, the free acid RNHCI, hypochlorous acid 
or hypochlorite ion are not, therefore, the actual reacting species. 

(e) The potentials after the end-point fall with increasing halide concentration. 
A net katagenic ion is, therefore, involved in the redox reaction, and this ion must be 
a halide ion. 

(f) Confirmation of the contention that hydrolysis of the free halogen supervenes 


at the lower useful limit of hydrogen ion concentration for each halide is given by the 


drop in potential which occurs in each case as well as by the slowness in equilibration 
of the potentials. 

(g) In the absence of added halide (Fig. 2, curves 1 and 2), the curvature corre- 
sponds to a value of n = 4 for the number of electrons transferred, and such other 
deviations from n = 2 as do occur are to be found in chloride media. 

(h) The development of a second inflection in high hydrochloric acid concentrations 
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is well illustrated in curves 4 to 8 in Fig. 1. These do not affect the first inflection or 
the analytical results, and will be shown to be due to traces of a titratable substance 
in the hydrochloric acid. 
CONCLUSIONS 

Chloramine-T, as a titrimetric reagent, reacts through reaction-intermediates 
which are probably free halogens, and fails to react under circumstances which preclude 
the generation of such intermediates, as in the absence of added halide, or when the 
concentration of such halide is so low that the primary redox potential of chloramine-1 
is not high enough to generate sufficient free halogen to afford a satisfactory reaction. 
It has been shown elsewhere™* that free halogen produced slowly or in minute quantity 
fails as an oxidant due to hydrolysis, even in acid media. Consequently, minimal 
requirements in halide ion concentration have to be met. Under the appropriate 
conditions of hydrogen and halide ion concentrations, the oxidation of arsenic!!! by 


chloramine-T is quantitative. 


Zusammenfassung ine potentiometriscl idie wurde unternommen, um den Verlauf der Reaktion 
zwischen Arsen(II1) ut loramin T zu Klaren und in weitem Bereich die Grenzen fiir die Anwend- 
barkeit dieser Reaktion z stimmung 1 Arsen aufzufinden. Es wurde gefunden, dass in Abwes- 
1 stark saurer LOsung nur ausserst langsam oxydiert wird und 

1 schwach sauret ing ul aupt nicht. In Gegenwart von Chloride (héher als 0-5 m) und einer 
H-lonenko tration ve 5-0 m auft die Reaktion zufriedenstellend. In Gegenwart von 
Bromic i zentratior m) ist Reaktion quantitativ bei einer H-lonenkonzentration 
1 (Endkonzentration 0-005 m) werden ausgezeichnete Resultate 

von Bromid und Jodid kann die pH-Grenze etwas nach der 

in hdhere Halogenkonzentration eingestellt werden. Die 

te ist ph-unabhangig, unterliegt aber katagenen | infliissen durch 

wutlich freies Halogen. Die Verwendung stark verdiinnter Masslo- 


1 


Arsenmengen (ca 0-1 Millimol) in hochverdiinnten Lésungen ergibt 


Résumé es auteu nt fait une étude potentiométrique du titrage de l’arsenic(IIL) par la chlor- 
amine T dans un trés large domaine de conditions afin d’établir les limites dans lesquelles la réaction 
est quantitative et acceptable au point de vue analytique, et d’obtenir une connaissance du mécanisme 


de la réaction. Il; > établi que, en l’absence d’halogenures ajoutés, la chloramine T oxyde I’arsenic 


(II1) soit extremement lent nt en milieu acide fort, soit pas du tout pour les concentrations en tons 


hydrogeéne plus faible n présence de chlorure, la réaction est satisfaisante avec une concentration 
de chlorure supét i 0, et des concentrations en ion hydrogene comprises dans le domaine 
05M a5M ice de bromure, a une concentration finale 0,1M, la réaction est quantitative 
dans un domaine de concentration dion hydrogéne de 10°°M a 5M, et en présence d’iodure en 
concentration finale 0,005M, les résultats sont excellents dans le domaine de pH 4-9. En présence 


- 
romu! 


de bri Ire Ol diodure 


l 
| 


e domaine peut étre étendu a limites de pH légérement plus élevées en 

y concentration d’halogénure. L’espéce oxydante réelle est indépendante de Vion 
hydrogéne, mais est sujette a l’action catagénique de lion halogénure et est probablement de 
halogéne libre. L’utilisation de solutions diluées titrantes pour doser de faibles quantités d’arsenic 


(III) (environ 0,1 mole) a grande dilution n’apporte pas d’amélioration marquée de la précision. 
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Summary—A search has been made sual indicators suitable for application in chloramine-T 
sible and five irreversible, have been rigorously examined 
ditions for which the titrimetric reaction has been shown to be 
been checked by direct comparison with potentiometric titrations 
have been made as to the best media, and indicators have 
various conditions. Titrations at a ten-fold dilution of the 

vestigated and found to offer no advantage. 
ntal importance of the chloramine-T—arsenic™! reaction in respect to 
sation! and analytical application’ of chloramine-T has already been 
[he reaction has been subjected to a comprehensive potentiometric 
ntitative limits under various conditions have been defined. 
mary already made* of the conditions under which arsenic!!! has 
: titrated with chloramine-T, it is evident that few good visual indicators 
titration. Apart from starch which, as it requires the presence of 
Lys be used, only methyl red,*® methyl orange,* brilliant carmoisine® 
soidine® have previously been recommended. Of these, only starch 
hrysoidine show reversibility, though the reversibility of the latter, which 
bromate titrations, has not thus far been examined 


f chloramine-] 


1 


licators which have been used in chloramine-T titrimetry, methyl red 


iT) 
alone® has been subjected to checking by the recognised criterion of potentiometric 
titration \is is an important omission, because visual indicators often incur an 
appreciable titration error. Poethke and Wolf® have attempted to assess the indicator 


lliant carmoisine and p-ethoxychrysoidine, by conducting a blank 


pure indicator solution. Although this method has also been included 


rk, it is open to suspicion as it may not take into account such factors 

as the character and speed of the main and indicator reactions, induced and side 

reactions and concentration effects. Consequently the preferred method, used here, 
is direct comparison with potentiometric titrations? under the same conditions. 

ie chloramine-T-arsenic' reaction has been so thoroughly investigated':* 

used as the test reaction for the development and examination of new 

indicators as well as for the critical re-assessment of those previously recommended. 

Substances for test as possible indicators were selected on the following grounds: 

(a) Known reactivity to free halogen. Substances already in use as indicators in 

Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, Pa., U.S.A. 
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bromate, iodate and hypochlorite titrimetry were an obvious first choice. Other 
substances reported to have a poor fastness to chlorine® were also tried, but most 
proved to be unsatisfactory, either because of a poor or indistinct colour change or 
because they were so poorly resistant that they were prematurely destroyed. 
redox indicator properties. Of other known redox indicators, 
alone proved to have suitable characteristics. 


(c) From a survey of several thousand dyestuffs and related materials for indicator 


properties,® those which showed the best reactivity to bromate were examined. Of 


these. which are mainly substit n products of pararosaniline, the best was rosaniline. 
reagents for free halogen. These include rosaniline and «-naphtho- 
h and its derivatives for iodine. 


Of the indicators finally selected for exhaustive testing, methyl orange, methyl red 


ysoidine have previously received some attention, but the remainder, 


19 


, ) , 10 .s —_——_ l j 7 Seer es. Beem 
bordeaux,® amaranth,'® quinoline yellow," o-dianisidine,’ tartrazine, 


hoflavone’’ have not been applied to chloramine-T titrimetry. Of these, 
rysoidine, quinoline yellow, o-dianisidine, tartrazine and «-naphthoflavone 
‘r certain conditions 
been carefully examined! and found to yield 
-O1 ml) correction in media 0-5 to 2:5M in hydrochloric 
romide. The chloramine-T—arsenic!! reaction 
of a minimum chloride 
ogen ion concentration of 0-5 to 5-:0M, 
le at hydrogen ion concentrations between 


ange 4 to 9. 


therefore be 


acid media were 


ATi 


prepared by the altern \d of preparation of 
pty 


r solut solution per 100 ml of 
e 1 ml was added. 


LONS <¢ 


t 


ssware was used in the manner already des- 


accoul 


15—30 sec between the addition of each 


ns were complet plit-dropwise,':* allowing 
ll titrations were conducted oon iperature and the results corrected to 20°. The 
rreversible indicators. Reversibility, where 

amount, f arsenic'! solution, warming or 

al colour was fully restored, and titrating to a second 

ntrations of reagents recorded refer to the equivalence point volume of the 

1 in diluting the mixture before starting the titration, due allowance was made 

’f wash water used. Except for the second end-points with reversible indicators, the 


nce point volume was normally 100 ml 5 


RESULTS 
Indicator blanks 
Table II shows the results of titrations of | ml of the indicator solution in various 
media at a dilution of 100 ml with 0-005M chloramine-T. These figures must be 





z-Naphtho 


flavone 


Hopkin & 
Williams 
Ltd 
Adsorption 


Indicator 


| lopkin & 
Williams 
Ltd 


J. JENNINGS 


INDICATORS 


0-1 
0:02M 


iydrocl 


0-1 aqueous 


solution 


Q-1°,, aqueous 


solution 


0-5 aqueous 


solution 


0-2°% in 2M 


acetic acid 


0-1" aqueous 


solution 


0-1% ethyl 
alcohol 
solution 


¥solid to 100 m 


ite! SO! 


0-02M hydri 


acid si 


Q-l ¢ dissolved 


walter 


dissolved in 100 ml 


0-1 g dissolved in 100 ml 


wate! 


0-1 g¢ added to 100ml 
boiling water, cooled and 


decanted 


$5 ¢ dissolved in 100 ml 


ate! 

22 dissolved in 12 ml 
glacial acetic acid and 
diluted to 100ml with 


water 


0-1 g dissolved in 100 ml 


water 


0-1 g dissolved in 100 ml 
absolute ethyl alcohol. 
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accepted with considerable reservations as noted above, but they may serve roughly to 
indicate the relative blanks. Apart from «-naphthoflavone, where | ml is required, 
the amount of indicator used in normal titrations is less than 0:2 ml. so that the 
indicator error should be one fiftieth of the blank shown in the table. Most of the 
indicators should have a measurable error which is smallest in hydrochloric acid free 
from other halides. Induction, however, tends to reduce this error in practice, and 


unde ynditions for which the action a eciable fading of the 


indicato ( ul ul LO! 1 I nt. I l more easily aestl yyed 


1-OM H¢ 1-OM H,SO, 
0-1M KBr 0-1M KB: 


differences between replicate al titrations and 
under similar conditions.“ As previously 
O-5M hydrochloric acid in the absence of bromide is a minimal condition 
hich the reaction between chloramine-T and arsenic!!! is slowing down, and 
e not surprising that all of the indicators give positive errors of considerable 

magnitude 
Specific reagents for free bromine are not, of course, applicable in the absence of 
‘omide, and quinoline yellow was prematurely decolorised under the same 
conditions. Tartrazine failed to show any reversibility to a further addition of 5 ml of 


1 


arsenic solution after the first colour change, and p-ethoxychrysoidine did not give 


a pleasing second end-point. o-Dianisidine reversed satisfactorily and gave excellent 


second end-points in 1-0 and 2:0M hydrochloric acid, and so it is recommended for use 
in these media. The other indicators are subject to irreversible colour changes. 


Methyl orange, methyl red and tartrazine show appreciable titration errors at all 
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hydrochloric acid concentrations, but in 1-0 and 2:0M hydrochloric acid the errors 
were negligible with bordeaux, amaranth, p-ethoxychrysoidine and o-dianisidine, so 
that these indicators are recommended for this titration. 
ydrochloric acid media in the presence of bromide in a concentration of 0-1.M, 
as not oxidised by the bromine formed at the end-point. The specific 
> bromine gave excellent results, and «-naphthoflavone ‘urthermore 
other indicators generally show a greater positive error 
hrysoidine, the error increases with an incr 


addition to rosaniline, bordeaux, amarant] 


0-05M 


in these media since 


Although the error is rather large, and 


thoxychrysoidine, quinoline yellow (in 


> of being reversible 
d solution of concentrations 0°25, 0-5, 1-0, 1:5 and 
n n the presen f O-1M bromide gave e ‘lent end-points wit! ) 
ne 1 ne presence ¢ I U'lL/M Dromide gave excellent enc pe in with n¢ 
ndicator error. The sharpest and most pleasing colour changes occurred in 


in 0-25 and 0-5M acid, the purple colour developed 


t t} 
ttl 


1e end-point and in 2:0M acid the colour was a little pale. Decreasing 
concentration to 0-01M did not affect the quality or accuracy of the 

-point. Other indicators were examined at the optimum sulphuric acid concen- 
tration and in 0-1M bromide. The reaction in the absence of added bromide was too 
slow to permit the use of visual indicators. In general, the indicator errors are 


smaller in sulphuric than in hydrochloric acid media. Bordeaux and amaranth gave 
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both accurate and pleasing results and are particularly recommended. Methyl orange 
and methyl red gave sharp and pleasing, though late end-points. p-Ethoxychrysoidine 
and quinoline yellow both showed reversibility to further additions of arsenic™! 
solution, quinoline yellow being more satisfactory, but o-dianisidine and «-naphtho- 
flavone, although giving very satisfactory first end-points, did not reverse well. 

At a pH of 4, only in the presence of bromide is the titration analytically useful,” 
so that the indicator titrations were conducted in acetate buffer with a bromide 
concentration of 0-1M. Rosaniline, p-ethoxychrysoidine, o-dianisidine and x-naphtho- 
flavone changed long before the equivalence point and are therefore unsuitable. 

TABLE I\ INDICATOR ERRORS INCURRED IN THE TITRATION OF 25 ML OF 0:0005M ARSENI 


IN VARIOUS MEDIA WITH 0-005 CHLORAMINE-1 


nditions 


0-5M HCl 
1-OM HCI 
2:0M HCl 


0-5M HCl 0-1M KBr 
1-0M HCl 0-1M KBr 
2:0M HC! 0-1M KBr 


0:-5M HCl 0-01M KBr 
1-O0M HCl 0-01M KBr 
2:0M HCl 0-01M KBr 


0:-4M NaHCO 0-:005M KI 
0-4M NaHCO 0-025M KI 


Volume of solution at the eq ice point, 100 ml. 1:0 ml starch 
line indicator solution per ml added. Results in column 4 are corre 
determination 


t 


Methyl orange, methyl red, bordeaux and amaranth were subject to fading before 
the end-point and so gave poor—and late—colour changes. Quinoline yellow and, 
surprisingly, tartrazine gave sharp, though considerably late, end-points, and both 


showed excellent reversibility and are therefore recommended 


Titrations at low reagent concentration 

litrations at a ten-fold overall dilution are subject to a net positive error= of about 
0:-4°%. With visual indicators this error is increased, and the total error is shown in 
Table IV. By subtracting the known titration error,* the net contribution of the 
indicator to the total error is obtained. This is greatest in 0-5M hydrochloric acid and 


decreases with rising acid concentration. The net error is least with rosaniline in the 


presence of 0:01M bromide and greatest with amaranth in hydrochloric acid alone. 


In hydrochloric acid, the amaranth colour change was fairly sharp in 1-0 and 20M 
acid, but rather slow in 0-5M acid. In the presence of 0-1M bromide, the rosaniline 
colour developed very slowly (compare the lower part of the potentiometric curves 
under these conditions”) and no satisfactory end-point could be discerned. A reduction 
of the bromide concentration to 0-01M effected a very considerable improvement, 





BisHop and V. J. JENNINGS 


nts were still not quite so sharp as with amaranth in the absence of 
net error with starch in bicarbonate buffer in the presence of iodide is 
between those of amaranth and rosaniline, and the end-points were 
sharp appearance of a very pale blue colour. These titrations confirm 
potentiometric titration*® that no advantage pertains to the use of a 
of r 


arsenicll, since the error, of about 


in a titration of 2°5 ml with a reagent of 
burette and potentiometric location of the 

is the more advantageous. Where titrations 
conducted, however, it is considered that all three 


ive media, starch being the best 


indicator, three factors are relevant: 

the sharpness of the colour change, 

ntrast) of the colour change. Although 

very sharp, highly contrasting 

igh error, provided the latter is 

suitable for chloramine-T titrimetry are 

whose oxidation mechanism has been 

1 quinoline yellow which operate through 
ism of tartrazine is uncertain. 

| orange, bordeaux and amaranth, which 


the formation of very weakly coloured 


iodine and «-naphthoflavone for bromine, 
d addition products with free halogen in the 
lloidal in nature, the yellow bromine addition 
flocculating on formation. Rosaniline reacts 
of deep purple polybromo compounds, the 
ntering the positions ortho to the nitrogen 
very sparingly soluble 
e satisfactory, must react more slowly than the 
s of titrant does not give premature end-points. For the 
he indicator should be delayed to as near the end-point 
licators examined, particularly amaranth and bordeaux, were 
factory in this respect. The brilliant colour change and negligible 
rosaniline make it a particularly valuable indicator despite the 


irreversibility, and the difficulty experienced the first time the 


f the colour change is outstandingly good for rosaniline, good for 
nd bordeaux and, where there is no fading, for methyl red and methyl 
Dianisidine gives a good colour change and is the best of the reversible 


indicators. p-ethoxychrysoidine, tartrazine and quinoline yellow have poor colour 


changes, and quinoline yellow is subject to a sudden fading of the yellow colour just 
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before the end-point. The colour change of «-naphthoflavone is fair in colourless 
solutions, but sometimes difficult to discern otherwise. 

In general, only amaranth and the specific reagents for bromine stand up to the 
presence of bromide, the other indicators being better in hydrochloric acid alone. 
[he substitution of sulphuric for hydrochloric acid in the presence of bromide yields 
a general improvement in quality and accuracy, the best end-points of all, on all 
counts, being with rosaniline in 1-0 to 1-5M sulphuric acid and 0-01 to 0-1M bromide. 

Balancing all three factors and taking reversibility into account, the following 
recommendations are made: 

(a) In hydrochloric acid at 1-0 to 20M concentration, amaranth, bordeaux and 
o-dianisidine are the best; p-ethoxychrysoidine is also suitable as are methyl red and 
methyl orange subject to a correction of —0-02 ml. 

hydrochloric acid at 1-0 to 20M concentration in the presence of 0-1M 
bromide, rosaniline is outstandingly good. Amaranth is also recommended, and 
x-naphthoflavone, though the colour change is not brilliant, urate and reversible. 


1 


Other indicators are useful though the error is rather high. 


(c) In 1-0M sulphuric acid in the presence of 0-01 to 0-1M bromide, rosaniline 

IS pre-eminent, amaranth and bordeaux are excellent, and the quality of the end-point 

is good with both methyl red and methyl orange although the error is very high. Of 

the reversible indicators quinoline yellow is the most satisfactory, followed by p-ethoxy- 
chrysoidine. 

‘tate buffer in the presence of 0-1M bromide, few indicators give satis- 

despite high errors, being quinoline yellow and tartrazine, 


of reversibility. 


} { 


the presence of bromide is the medium which offers the most 


a . r\ 7A - 1! oase — . ha ~ cf (rrar } 
end-points, | to 2:°0M hydrochloric acid yields the smallest errors, and 


acetate buffer media are not recomme 


1 


(f) A titration with 0-005M chloramine-T offers vantage. At this dilution, 


. ] . . | —_ | + _ ~ + 
iodide in bicarbonate buffer give > best end-points, but 
both amaranth hydrochloric acid and rosaniline in hydrochloric acid media 


' 
containing bromide at a concentration of 0-01M are acceptable. 


Zusammenfassung s wurde nach visuellen Indicatoren fi I ‘ n-T-Titration gesucht. 
Zehn Verbindungen, fiinf rt S und fiinf irreversibe agierend, irden einer genauen Unter- 
suchung unterzogen, zwa iwungen, unter denen die Reaktion zwischen Chloaramin-1 


1 ter 


} ‘ 1 n try ; Tnay | “role } mit 
tortehler v den studiert durch direkten Vergleich mit 


r ] -_ . . . . } saataonaten » noineen lar 
te gleichen Bedingungen Die destgeeigneten bedingungen werden 


die Indicatoren in der Reihenfolge bester Eignung aufgezahlt litrationen mit 


rehnfacher Verdiinnung der iiblichen Titrationsl6sungen wurden durchgefitihrt, doch 


Résumé—Les auteu ait une recherche d’indicateurs visuels convenables pour l’application a 
la titrimetrie de la cl amin ; dix composés, cing réversibles et cing irréversibles, ont été examines 
de maniere rigoureuse dans le titrage de l’arsenic(III]) dans les conditions pour lesquelles on a montrée 
que la réaction de titrage était quantitative 

Les erreurs dues a l’indicateur ont été vérifiées par comparaison directe avec des titrages potentio- 
métriques dans des conditions semblables. Des recommandations ont été données sur les meilleurs 
milieux, et les indicateurs ont été rangés par ordre de préférence dans diverses conditions. Des titrages 
ont été étudiés pour une dilution égale au dixieme de la concentration usuelle, mais ils n’offrent aucun 


avantage 
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DETERMINATION OF TUNGSTEN IN ASSOCIATION 
WITH IRON AND SOME OTHER ELEMENTS AS 
TRIS(TRI-n-BUTY LAMMONIUM)12- 
PTUNGSTOPHOSPHATE 


MILLER and D. H. THow 


Summary 


Com- 


adsorbing 


ons associated with the 


tungstophosphoric acid from 6N hydrochloric acid on a c ilos vhic yt adsorb 


n chloride antitative 


ecipitation of t1 


has been briefl 


TUNGSTEN in the form ric acid can be determined as tris(tri- 
n-butylammonium)12-tung he presence of considerable amounts of 


calcium, cobalt!!, copper, 7 anese!! and nickel,! but iron= and some othet 


elements may exert a prono adverse effect. The primary object o 
1 . 4 | " n y - > 
tion was to find a means of determining tungsten in materials containing iron and 
‘ lL, ~ . . _ . + ha L : 
elements, the production of 12-tungstophosphoric ac 


cence 
SUL LIVG 


ino | t 
) Is LO 


mounts of 
the specified elements, except iron, anc 
Ascorbic acid is a suitable reductant for iro and for subsidiary amou 
and manganese!!! formed in alkaline 
We have found that authentic 12-tungstophosphoric acid is strongly adsorbed by 
i i 4 Lil 


cellulose from 6N hydrochloric acid solutions and separable from iron! by a colum 


procedure. However, the heteropolyacid obtained from t te in the presence of 
phosphate and iron behaves differently and, under conditions in which the tungsten 1s 


quantitatively retained by ‘olumn of cellulose, a little iron is also held. When 


bit 


tungsten has been eluted from the column and tungstophosphoric acid reformed, the 


val Y , ’ P . } » “ay 
accompan Ing iron can be reaucec 


Methods have been developed for determination of tungsten 


EXPERIMENTAI 


Reagents 


Johnson, Matthey’s tungsten metal powder (> 99-9 °,), spectrographically standardised tungsten‘ 


oxide (99-99°,) and iron sponge, AnalaR sodium tungstate and 12-tungstophosphoric acid, and 

Hilger’s “‘specpure”’ solutions of tantalum and niobium fluorides were used. As far as possible other 

reagents were analytical-reagent grade. The tungsten content of anhydrous sodium tungstate was 
* Present address Department of Chemistry, The Queen’s University, Belfast, Northern Ireland 


43 
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Tri-n-butylamine was purified as before. Sodium 


i 2N 


al ' ' t hy } ' 
les. The concentrated hydrochloric acid was | 


Polytetrafluoro- 


tn agua regia 


1ium)12-tungsto- 


overnight before 


semi-quantita- 
t-dithiol* (““dithiol’’) 


1 f 


evaporated to dryness, 


UNGSTOPHORIC ACID 
ROM TUNGSTEN 


) orthophosphoric acid (sp 


stage, 200-mg amounts of tungsten 
either hydrochloric or hydrofluoric 
itric acids were so chosen that, after the 


ipproximately IA 


was heated finally at 


I 


beaker and hydrochloric 


ylamine complex were then 
ere 99 Q 


the respective filtrates. 
low recovery of tungsten 1n 
im fluoride were added to a solution of 


affected, no 


involving the use of hydrofluoric and nitric acids, 
ydroxide solution were added to the aqueous extracts 
lues in order to raise the pH to 9-6, 10 and 10. The 
lrochloric acid before the addition of the amine. 

es correspondingly increased from 99-3 to 100-0 

nd that in the filtrates decreased from 0:4 to 0-2 

the satisfactory formation of 12-tungstophosphoric acid 
als disintegrated with acids, it would be necessary, in order to break down 
complexes, to make the solutions strongly alkaline, then re-acidify them. 


pitated tungstic acid dissolves readily in sodium hydroxide solution, it 


uous to add phosphoric acid initially. Instead, sulphuric acid could 


superfl 
ind less phosphate, if desired, added afterwards to the alkaline solution. The 
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influence of elements that had previously been found not to upset the determination of 
|2-tungstophosphoric acid, when they were added to acidified solutions, had now to be 
found when the solutions containing them were made alkaline, then re-acidified. A 
few additional elements were included in the tests 
Effect of other elements 


Solutions of chlorides (nitrate for le f various elements were added 


solutions containing 200 mg of tungsten‘ !, lich were then made strongly a 


TABLE I|—EFFECT OF \ ELEMENTS O THE DETERMINATION 


heen 
Tungstet 


calculated, 


Nickel 
Aluminium 


with sodium hydroxide solution. 43 Mg of phosphate (PO,) were added, the heated 
stirred solutions were gradually acidified with concentrated hydrochloric acid (nitric 
acid for lead) and tungsten was determined. Tantalum and niobium fluorides were 
added to a solution prepared by dissolving 200 mg of tungsten in hydrofluoric, nitric 
and sulphuric acids. The first two acids were expelled and the residue was made 
alkaline, etc. as above. A precipitate, presumably of tantalic and niobic acids, was 
collected in a sintered-glass filter crucible when the volume of the solution was 40 ml 
and the acid concentration IN. 

rhe results given in Table I show that titanium, tantalum and niobium interfere 
seriously. Chromium!!!, molybdenum‘! and vanadium’ were also known to inter- 
fere.! Interference caused at first by manganese resulted from its oxidation in alkaline 
solution, but 100 mg of ascorbic acid added to the re-acidified solution eliminated the 


error. Such reduction was also useful for some cobalt!!. 


Influence of iron 

For the determination of 200 mg of tungsten’! as above in the presence of 100 mg 
of iron!!, the re-acidified solution was reduced in a silver reductor and precipitation 
with tributylamine effected in 2N hydrochloric acid.” Although the apparent recovery 


of tungsten in the precipitate was 99-5 %, 1 °%% was found in the filtrate. Ascorbic acid, 
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if used in a large excess, was a suitable reductant for sma// amounts of iron™!, 
100 Mg added to re-acidified solutions containing tungstate and iron!!! counteracted 
the interference of up to 2 mg of the latter in the subsequent determination of tungsten 
V hydrochloric acid solution. When 5-25 mg of iron were 


yrecipitates of tributylammonium tungstophosphate were 


OF LARGER AMOUNTS OF IRON 
und to be strongly adsorbed by filter paper from 


nitric and sulphuric acid solutions. When a 


tion boiled for 20 


cooled before use 


<¢ sl tactad 
{25 mi tested) 


] - lx 
of tungsten as the heteropoly- 


the top ofa paper strip and a chromatogram 


the mobile phase, iron travelled just behind 
at the starting position. In 3WN acid, 


values 0 and 0-06, and iron behaved as before. 


eans ol separating tungstate [rom 1ron. 


roi y } sal 
) hNoric ack CLLULOSE 


[5-mm internal diameter) containing cellulose, derived from a 

an ashless, standard-grade cellulose powder (6 g) in water, were 

haviour thereon of 30 ml of solutions of varied composition, 

2-tungstophosphoric acid, was studied. Solutions were added to 

reated with acid of the same strength as that of the sample and a flow- 

} ml per min was used, suction or light pressure being applied when necessary. 

17-20 MI of liquid (the retention volume of the column) were rejected, then liquid 

was continuously collected as the solution passed into the cellulose and the column 

was washed with acid of the requisite strength. Successive portions of effluent were 

tested qualitatively for tungsten, with the results shown in Table II. After use, the 

columns were freed from tungstate by washing them with water, 0-2N sodium 
hydroxide solution and again with water. 

12-Tungstophosphoric acid is obviously strongly held by cellulose. In unheated 


6N hydrochloric acid an excess of phosphate did not influence the behaviour and the 
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effect of iron was slight, but in boiled solutions the initial expulsion of a significant 
amount of tungsten occurred. Only in acid of the higher concentration was tungsten 
adequately withheld in the presence of iron!!! which was not retained by the cellulose. 
Chromium!!! behaved like iron™!. The presence of hydrofluoric acid hindered the 
adsorption of tungsten. 12-Tungstosilicic, 12-tungstoboric, 18-tungsto-2-phosphoric 
and 12-molybdophosphoric acids were also adsorbed by cellulose from 6N hydro- 


chloric acid 


’ aie » th f ’ / L, J ; 
Tentative M j i adadsorptioi yy funeste DnNOSpnori¢ 
prepared from*ti 


50—80-Meg amounts of tungsten, alone or in presence of 12 mgof iron, were dissolved 
k 


and oxidised in the three ways outlined on p. 44, except that 0-3 ml of orthophosphoric 


acid was used and volumes were kept down so as to give 6-15 ml of 6N hydrochloric 


acid solutions for application to columns of cellulose. The column procedure was t 
same as before, 6N hydrochloric acid being used for elution and portions of effluent 


ne 


being tested for tungsten 

Generally, a sharp initial expulsion of a few mg of tungsten occurred. 
a slight continuous loss of tungsten was noted, the loss being least where aqua regia 
had been used to dissolve tungsten. When iron was present, the bulk was soon eluted 


but a little “*tailed’’ on the column and could not be expelled with an amount of hydro- 
chloric acid that did not also cause more significant loss of tungsten 
More promising results with respect to retention of tungsten were obtained when 


hydrofluoric and nitric acids were used and phosphoric acid was replaced by sulphuric 
acid, which permitted more certain removal of hydrofluoric acid and avoided possible 


complications arising from the formation of polyphosphoric acids. Thereafter the 
suspension of tungstic acid was made alkaline, then phosphate and acid were added. 
Further experiments with 200 mg of tungsten plus 50-200 mg of iron indicated that 
the quantity of sulphuric acid was not critical, but that the amount of phosphate had 


to be small and the rate of acidification rapid. Quantitative separation of iron from 


t 
[ 
| 


tungsten seemed to be impossible, but the small amount left with tungsten was amen- 
able to treatment with ascorbic acid (p. 45) before determination of the tungsten. 
( ritie al investigation of the formation and adsol prTion 
of tungstophosphoric acid 

In a series of experiments, 20-25 ml of solutions, containing sodium tungstate, 
disodium hydrogen phosphate and sufficient sodium hydroxide to give a blue colour 
with thymol blue indicator, were swirled or magnetically stirred while hydrochloric 
acid was added fairly quickly dropwise from a burette until the indicator was red. 
The volumes of the cold solutions were then doubled by the rapid dropwise addition 
of 12N hydrochloric acid. The solutions were applied as before to columns containing 
6 g of cellulose, equilibrated with 6N hydrochloric acid, and elution was effected with 
that acid. The results given in Table III show that the neutralisation of hot solutions 
with 12N acid almost prevented any loss of tungsten in the first fraction of effluent. 
rhe tungsten contents of subsequent fractions showed that a high concentration of 
phosphate and, to a much smaller extent, a high concentration of neutralising acid 
accelerated the travel of tungsten on the column. The use of more cellulose might 


have improved matters. 
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In further experiments, 0-3 ml of concentrated sulphuric acid, 4 ml of 12 sodium 
hydroxide solution and 43 mg of phosphate (PO,) were added in succession to tungstate 
solutions, which were then heated to 80°. Thereupon 12N hydrochloric acid was 
added fi a burette at a much faster rate than before to rapidly stirred solutions 


intil the 7 vas 4,2 or |. Solutions were maintained hot for 5 min, cooled, treated 


a 


olume of 12N acid, re-cooled and transferred to columns. etc. 100 


effluent yielded 0-1 mg of tungsten for the first two experiments and 


I] SS OF TUN N FROM COLUMNS TO WHICH TUNGSTOPHOSPHORIC ACID 
AND PHOSPHATE HAD BEEN APPLIED 


8:5 mg of PO,) 


17 


OO 100 100 100 100 


[he difference was insignificant and it was concluded that even 
rapid addition of acid was permissible up to and beyond the point at which the 
1% 


of 12-tungstophosphoric acid might be considered complete.®° Overnight 


ter increasing the acidity to 6N did not influence the column behaviour 


[he above experiments were repeated, but with iron!!! sulphate (100 mg of iron) 


in sulphuric acid solution added to the tungstate just before the sodium hydroxide. 
[he mixture was heated to 80°, then phosphate and acid were added. It was difficult 
to stop at exactly pH 4 or 2 and simplest to stop the addition of acid when hydrated 
iron!!! oxide was significantly dissolving (pH |). Continued heating at this stage 
assisted solution. In several experiments about 0-2 mg of tungsten was collected in 
the first 50 ml of column effluent, but 2-6 mg in the next. The travel of tungstophos- 
phoric acid had been accelerated in the presence of iron. A column containing 10 g 
of cellulose reduced the loss of tungsten in 100 ml of effluent to 0-2 mg. This loss was 
unchanged when 200 mg of iron"! and 17-43 mg of phosphate (PO,) were used but 
rose to 1-2 mg with 430 mg of phosphate, thus confirming the harmful influence of a 
large quantity. In all experiments a minor amount of iron remained with the tungsten. 


DETERMINATION OF TUNGSTEN IN ASSOCIATION WITH IRON 


Preparation of columns and conditions of use 


A 24-cm length of Pyrex glass tubing (about 20-mm internal diameter) was sealed close to the 
barrel of a capillary stopcock of which the full length of capillary below the tap was retained. The 
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base of the column was so constructed that a perforated disc of nearly the same diameter as the 
column could be readily seated, leaving minimum free space below it. On the disc a circle of What- 
More uniform packing of the column was achieved by adding a 


suspension of cellulose powder (10 g) in 6N hydrochloric acid, instead of in water. When 


man No. 41 filter paper was p aced 


, 1 
l 1 the cellulose 


had settled, a circle of filter paper was placed on top of the column, which was then washed 
water, 0-2N sodium hydroxide solution and again water t was essential to avoid prolonged contact 
ol | 


P | 1 | . t . ht - Sa | | ¢ 1 ‘ ro 
cellulose with 6N acid, which apparently caused slight degradation that led to cellulosic material 


being carried into the sodium hydroxide effluent and slowly precipitated in the re-acidified solution 


{ 


If tungstophosphoric acid wer letermined in such a solution, the weight of pre itate obtained 


Liic Wet 


»% mo » hiol > mmn or > / " . 1 ' 
might be 2-3 mg t tice, ul ed, when necessary 
was collected 


6N hydrochloric acid ju fore \ ung O acid ll 


columns without delay, < ow-rate | ( yn ing 3—5 ml p 


remit 
per lI 


TABLE [¥V—DETERMINATION EN IN ASSOCIATION 


Phosphate 
(PC ),) present, 


200-0 
200-0 
50-0 
SO0-0 


sodium chloride in 6N hydrochlot 


t 


» columns, deposited crystals withi1 


cold solutions no clogging occurred 


20 ml of water 200 mg of iro (a ilphate), 0-7 ml of 


centrated sulphuric ac 12N sodium hydroxide solution \ lded. Phosphate was 


1 


added to the hot stirred solution an hen 12N hydrochloric ¢ 1quil 1) ( é tte until hydratec 
roar lo j | 
iron OX1Ge Was CISSOLVIN 


g l vas cooled, doubled in volume wit 2N acid, recooled 
and applied to a column of > in equilibrium with 30 ml of 
effluent the liquid was collected. In order to avoid havin wards in 
the tungstophosphate solution collected from the imn, the latter was w ed witl ml 
acid, then with 20 ml of water 30 ml of 0-2N sodiun 
hydroxide solution and 30 ml of water ne with 12N sodium 


hydroxide solution, 43 mg of phosphate were added, then sufficient 12N hydrochloric acid was run 


quickly dropwise into the hot stirred solution to give finally 100 ml of 1N acid. 100 Mg of ascorbic 


acid were added to the hot solution before precipitation of tris(tributylammoni 


ungstophosphate, 
which was separated and weighed 

Behar * of m me hromium 1 tantalayy »] } , 

ehaviour of manganese, chromium, tin and tantalum plus niobium 


in the above procedure 


When 200 mg of manganese!! were substituted for iron, some oxidation occurred 
in the alkaline solution. When the acidified solution was put on the column, a purple 
complex travelled slowly through the cellulose and 200 mg of tungsten yielded 0-3 % 
to the first part of the effluent. The remaining tungsten was not determined since 
ascorbic acid would prevent the interference of accompanying manganese (p. 45). 


Chromium" could not be quantitatively separated from the heteropolyacid 


formed in its presence. Even 25 mg caused the loss of several mg of tungsten to the 


4 





1¢e cellulose. 


remained on tl 
Several drops of bromine and 


I t 


added to the solution containing 


t 


reated as usual. No 


of tungsten 
ith tributylamine. In the 
corresponding values 


ents coul 


containing 


d niobium 


tungsten 


Crro 


kindly supplied 
by classical 
its commonly 


| 1IiCa 


a 


um and niobium 


14 1 ] 
could be applied 
equired only 


for 


it a controlled 


icro Bunsen burnet 


e crucible to a beaker 
2N sodium hydroxide 
25 ml. Next add 


precipitation of hydroxides 


r 
1 add 160 mg of hydrated 
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disodium 


hydrochlot IC 


until solutic 


ASSIST S¢ 





Northern Ireland 


SHORT;COMMUNICATION 


Contributions to the basic problems of complexometry—I\ 


Determination of thallium 

1960) 
is have been 
EDTA using Xylenol 
as also been proposed, 


5 using Alizarin S 


ti Metnod 


locnrome Black 


were 


(2 ml HNO 
(2 ml HNO , 
(2 ml HNO 2 ml H,O) 
10 ml HNO 
10 ml HNO 

ml HNO 

ml HNO 

ml HNO 

ml HNO 

ml HNO 

ml HNO 

ml HNO 

ml HNO 


HNO, 1:1 


nts of Tl-EDTA complexes of both valencies have not yet been measured. 

Its, it is assum at thallium’” forms a substantially stronger complex than 

r Zine (pKy, 16-18), because their presence does not interfere with the deter- 

1 weakly acidic medium. Thallium’ which forms a relatively weak complex 
behaves quite differently The existence of TH EDTA complex was proved® 
d shift of polarographic waves. Further, thallium does not precipitate in an 
with iodide® (solubility product 2:8 10-*). In an acidic medium, on the other 

resence of EDTA can be separated from many elements (Cu, Fe, Pb etc.) by 

yr it can be determined amperometrically.?, From the experiments outlined, 

t can be rea ed that the stability constant should be of the same order as that of silver (pK 7-8) 
Flaschka* in his early work on the determination of thallium, isolated thallium from an EDTA 
medium as iodide,’ which he decomposed with nitric acid. In the solution obtained he presumed the 


£9 
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41 ll , 
presence of thallium™. Using the same procedure he prepared his stock solutions of thallium nitrate 
by decomposition of thallium iodide is not in agreement with the early literature according to 


n nitrate nly Flaschka’s 


which decomposition of thallium iodide with nit icid yields thalliur 
method had been evolved, of course, at a time when indicato 
Now, when Xylenol Orange has been found to be a 

to control very easily the content of thallium! in tha 
it was proved that decomposition of thallium iodid 
yielded thallium™ in small amounts only (Table 1) 
thallium!!! is mainly formed, but never quantit 
experiments with monovalent or tervalent thalli 
Eriochrome Black T Thallium iodide could 
by a careful evaporation with aqua regia O1 
conditions) are given of thallium determinat 
regia. Oxidation of thallium ions with bri 
resulting bromide ions form very stable 

nvalid. Oxidation with potassium perm 


TABLE II DETERMINATION OF THALLIUM 


WITH A‘ EGIA. Proce 


200-¢ 
50:8 
200-1 
51-4 
200-1 
100-0 
50:1 


From the theoretical point of view the sequent 
thallium in the same solution is extremely interest 
mination of the element in both 
determined in the presence of thallium! by 


weak acid medium ( Table II1) Subsequent titrati 

TABLE III DETERMINATION OF THALLIUM IN TH 

The mixture of TICI, and TIC] was diluted to 100 ml, pH adjusted t 
0-05M EDTA 


with monochloracetic acid and titrate 
with Xylenol Orange 


taken, 

mg 

9-99 60-80 10-06 

30-25 60-80 30-35 

50-48 60-80 50-69 
201-90 60-80 202-29 

9-99 101-38 10°17 

9-99 404-70 10-06 


. 7 I III 1 ‘ ' 
fails. The oxidation of thallium’ to thallium*” with potassium bromate, and its titration with EDTA 


The mixture 


: : I] ; 
following titration of the thallium*’, also fails (see the note on oxidation with bromine) 
g way: In one aliquot 


of tervalent and monovalent thallium may, however, be analysed in the followi 
of the solution thallium™! is determined by direct titration with EDTA using Xylenol Orange. In a 
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Summary—An examination has been made of the effects of concentration of potassium sulphate and 
of 21 single and mixed catalysts on the recovery of nitrogen by the Kjeldahl method. Mercury has 


been confirmed as the best catalyst, and a higher concentration of potassium sulphate than usual is 


recommended. Observations are made on various factors, including th 
affect the determination 


INTRODUCTION 


t 


IN spite of the widespread use of the Kjeldahl method for the determination of 
nitrogen, no one has yet undertaken a comprehensive comparison of a number of 
catalysts under varying conditions. Previous investigators have either investigated 
different catalysts under one set of conditions only, or have varied the conditions, 
but with only one or two catalysts. In many cases the test substances used have been 
simple amino compounds, which would not be expected to give any difficulty, whatever 


modification was used. In some cases, non-nitrogenous test substances were used to 


investigate “clearing times’’, but no attempt was made to demonstrate that the pro- 
posed conditions would lead to quantitative recovery of nitrogen from a nitrogenous 
sample. 

In the present work, the behaviour of different catalysts at varying salt concentra- 
tions has been investigated. The boiling points of solutions of varying concentrations 


of added salt have also been determined. 


THE INFLUENCE OF TEMPERATURE ON THE DIGESTION 

The addition of potassium sulphate was first suggested by Gunning,’ who recom- 
mended the use of “one part of salt to two parts of acid”’, i.e. 0-9 g of salt to 1-0 ml of 
acid. Later, Hibbard* and Self* found that a loss of ammonia could occur if the salt 
concentration became excessive, but many workers apparently did not appreciate that 
the excessive concentrations referred to involved about 2 to 3 g of potassium sulphate 
to | ml of sulphuric acid, and in consequence used absurdly small concentrations of 
salt; as low as 0-1g to Iml of acid. In fact, recent work*® has shown that as much as 
1-0 g of salt to 1-0 ml of acid may safely be used. 

Gunning thought that the addition of potassium sulphate, giving potassium 


hydrogen sulphate in solution, would lead to the loss of water rather than sulphur 


trioxide on heating, and hence a stronger acid wouid be formed, which would speed 
the digestion of the sample. Whether or not this is true, it is generally agreed nowa- 
days that the primary function of the salt is to raise the boiling point of the mixture 
(which will have the same effect of speeding the digestion). 


1 57 
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revious investigations have been made of the boiling points at varying 


rations 


and only one of these has gone above 1-0 g/ml concentration. 


rised in Table I (in some cases, the figures given have been 


author’s graph). 
reasons for the discrepancies, will be discussed later, 
ilts of th 


1e present investigation. 


)F POTASSIUM SULPHATE IN SULPHURIC ACID 


McKenzie —_ oe 
nd Wallace raastreet 


EXPERIMENTAI 


rmometer (in about 10 ml of solution) and 


and benzophenone 
and 2° low at 306 
correction to readings between 300 
ling solutions of potassium sulphate in 
lask. In each case the bulb of the thermometer was 


were in the vapour. The solutions were boiled 


yf the flask, and the maximum steady boiling 


Table I 


TAINED WITH THERMOMETER 


fine wires, and enclosed in 
following manner 


a thin glass sheath. It was calibrated at seven 
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At the ice point both the hot and cold junctions were immersed in a beaker of melting ice and the 
millivoltmeter adjusted to zero. Measurements were then taken at the boiling points of water, 
bromobenzene, naphthalene, diphenyl and benzophenone, and at the melting point of potassium 
dichromate, using for this last point a furnace similar to that recommended 

From these figures a calibration curve was obtained which was sligh 


200° but linear from 200—400 


Using this calibration, the boiling poin 
only 1-5 ml was used, the boiling point was less stable 
subsequent work, using 1:5 ml of acid, 30-ml Kjeldahl fli 
determination th 


dissolve most ol 


} r lt } 
The results obta 


») WITH THERMOCO 


15 No steady 


1g point 


Although, as shown in Table III, the rise in temperature during digestion for about 20 min was 


f 


ly, tit ficant loss of acid. 


not serious, it was thought desirable to find direct ration, if there was a signi 


Accordingly, the residual solutions from experiments 1, 3 and 5 in Table III were diluted to 500 ml, 


and aliquots titrated against 0-1 N sodium hydroxide he results were as follows 


Solution 1 contained 2-69 g of sulphuric acid 


Solution 3 contained 2-70 g of sulphuric acid 
Solution 5 contained 2:70 g of sulphuric acid 
1-5 ml of sulphuric acid, not boiled, contained 2-74 g (theoretical 2°71 g). 


rhe discrepancy between the theoretical and observed values is probably due to inaccuracies in 


pipetting such a viscous liquid. Nevertheless, the apparent loss of acid on digestion (0-04 g) would 
only be sufficient to raise the boiling point by less than 1°, and consequently the loss of acid by 
evaporation is negligible under these conditions. 

rhe boiling points obtained by the two methods, shown in Table IV, are thus in satisfactory 


agreement. 
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L\ RESULTS OBTAINED BY THE TWO METHODS 





0 


rmometer, ~¢ 


hermocouple, °¢ 


DISCUSSION OF RESULTS 
a considerable discrepancy in the literature over the boiling point of 
sulphuric acid alone. The approximately 98-4% acid is a constant boiling mixture, 
said to boil between 328-330°, but textbook values as far apart as 317°!* and 
been found. Recently, however, Kunzler,” in connection with the pre- 
ire sulphuric acid, has stated that the boiling point of constant boiling 
acid (98-5 is ‘nearly 330° at one atmosphere”’, and this figure has been confirmed 
in the present work. Neither Snyder and Coleman® nor Bradstreet,’® however, whose 


results are quoted in Table I, commented on their figures of 345° and less than 322 


t al.° appear somewhat high, but their values were recorded 
during which time considerable evaporation could have 
not give a figure for sulphuric acid alone. 
ent with those of Ogg and Willits,’ and Middleton and 
those Kenzie and Wallace,® the only other workers to report 


somewhat higher. Moreover, a graph of boiling point against 


esults shows a steeper slope than for those of other workers. 


advanced for this. McKenzie has stated that the intensity of 


il 


m was greater than that used by us, which would lead to more rapid 


i higher temperature. This effect would increase with 
ntration he second reason, apparently hitherto overlooked, is 


mount of acid in the vapour phase, and distributed round the walls of 


sel. If the mixture is barely boiling, there will be very little acid in the vapour 
and the concentration of the mixture will approximate to that calculated, but 
1g is vigorous, the amount of acid in the vapour phase will be greater, the 
- of the vessel will be covered with a film of condensing acid, and the boiling 

at the bottom of the flask will, in consequence, be more concentrated. The 


of course be more marked when “‘micro” quantities are used. 


The effect on the boiling point of other substances present during digestion 

rhe consumption of acid during digestion of an organic sample is greatest for fat, 
and is then about 10 ml of acid for | g of sample, or 0-05 ml for 5 mg. (Middleton 
and Stuckey® give the acid consumption for a number of compounds and molecular 
fragments). Using 1-5 ml of acid, a 5-mg sample would have the effect of raising an 
initial salt concentration of 1-0 g/ml to 1-035 g/ml which would raise the temperature 
by only about 1-5”. 

Similarly, the presence of about 50 mg of catalyst would raise the boiling 
point only to a similar extent, and hence these factors may be ignored on the 


micro-scale. 
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The effect on the boiling point of variations in atmospheric pressure 
Che work of Lake et a/.® indicates that the boiling point changes by about 15° fora 
pressure change of 175 mm of Hg. Variations in normal atmospheric pressure 


(740-770 mm) will therefore affect the boiling point by not more than 2-3 


The effect of replacing potassium sulphate by sodium sulphate 

Sodium sulphate, having a smaller molecular weight, might be expected to give a 
greater boiling point elevation than potassium sulphate, but the contrary has been 
reported,°’* and this unexpected finding has been confirmed in the present work. Ata 
concentration of 1-0 g/ml, a solution of sodium sulphate gave a boiling point 7° lower 


than that of potassium sulphate. 


THE INFLUENCE OF DIFFERENT CATALYSTS ON THE DIGESTION 


[he use of catalysts was first suggested by Wilfarth.'® He investigated mercury, 


> 


copper, iron, tin, manganese, bismuth and lead, and found their relative efficiency to be 


in the order shown. Mercury, however, led to difficulty at the distillation stage, because 
of formation of non-volatile ammines, and he therefore preferred to use copper, but 
later in the same year,’ he showed how the ammines could very easily be broken 
down by the addition of potassium sulphide. 

Subsequent work has confirmed the superiority of mercury (Phelps and Daudt'® 
found it to be superior to 9 other elements, and Osborn and Wilkie’’ found it to be 
superior to 38 other elements) and it is therefore surprising that many analysts still 
prefer to use copper. 

Che only other single catalyst to gain widespread popularity is selenium, proposed 
by Lauro.*® There has, however, been considerable controversy about the possible 
loss of ammonia when using this catalyst. Mixtures are frequently used; the most 
popular is a mixture of mercury and selenium, first suggested by Beet,*" although here 
again a loss of ammonia has been alleged under certain conditions. 

In the present work, the effects studied were (a) variation in the catalyst (15 single 
catalysts and 6 mixtures were used), (5) variation in the potassium sulphate concentra- 
tion, and (c) variation in the type of sample (ammonium sulphate, benzylisothio- 
uronium chloride, and nicotinic acid were used, typifying a simple ammonium salt, an 
easily digested compound, and a “refractory’’ compound). 

rhe effect of variation in time was not studied, and a standard digestion time of 20 
min was adopted. By comparing the results obtained with the three test samples, it 
could easily be seen whether the low results obtained under certain conditions were 
due to incomplete digestion or to decomposition of ammonia. 

rhe effect of variation in the amount of each catalyst was not studied (the effect 
of a true catalyst should be independent of the amount, but this is probably not true 
in the present case). It was originally intended to use 0-2 mg mol of each catalyst (e.g. 
about 40 mg of HgO or 20 mg of Se, as commonly used), but it was soon apparent 
that this would lead to inconsistencies, and with the exception of a few of the early 


experiments, approximately equal amounts (20-30 -each catalyst were used. 


EXPERIMENTAI 
Reage nts 
Sulphuric acid: Concentrated M.A.R. 
Potassium sulphate: M.A.R. 
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‘re HgO, Se, H.SeO,, H,SeO,. CuSO,, TiO,, FeCl,, FeSO,, 
VOSO,, CrO;, and Te. The best available commercial grade of 


5°, w/v Na.S,O 
stilled water 
| vol. of 0-05 °, ethanolic methylene blue 
perior to any ol r mixture of these components.) 


10-O01N so 


30-ml Kjeldahl flask. The required weights 
followed by 1-5 ml of sulphuric acid. Each batch 
g sulphuric and potassium sulphate only) 
e most of the salt, then at full heat for 20 min 
The contents were diluted with about 10 ml of 
ike’ of potassium hydrogen sulphate 
ratus, and 10 ml of 
only if mercury 
1 throughout) he ammonia wi hen steam- 
reened indicator istillation was allowed to 
yndenser immersed in the boric acid, and a 


j 


1 down with 


the condenser wi then washed 


standard 0-01N hydrochloric acid 


YISCUSSION OF RESULTS 


n Tables V—VII. Since several of the catalysts 
ind the loss of ammonia, it is more convenient 


rhe question of the “clearing time”’ will be 


nonium sulphate was quantitative up to 

ter a 20-min digestion with a mixture equi- 
‘e is no “instantaneous” loss of 

chloride were similar, and it thus appears 
re, using no catalyst, is about 430°. At 


tion of nicotinic acid was not quite complete. 


had no apparent effect on the decomposition of ammonia, 


effect on the digestion of nicotinic acid, the recovery from which was 


selenium caused decomposition of ammonia above about 


387 [he recoveries from nicotinic acid were unsatisfactory, and hence selenium 


appears inferior to mercury in both these respects. 

Experiments with selenious and selenic acids (cf. ref. 23) showed that the decom- 
position of ammonia was moderate with selenious acid, but very great with selenic 
acid. This effect, however, was not obvious with nicotinic acid, and it is likely that 
the reduction of selenate to selenite takes place more quickly than the digestion of 


nicotinic acid 
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TABLE V NITROGEN FOUND IN AMMONIUM SULPHATI 


(Theoretical 21-2 N) 
K .SO, concentration, g/ml 0 0-5 1-0 


Temperature (from Table IV), 
( 


Catalyst 


None 


HeO 


se 
H.SeO 
H.SeO, 
CuSO, 
ro 
FeCl 
FeSO, 
Fe,(SO,) 
H.PtCl, 
MoO 
V.O 
VOSO, 


Copper This led to a loss of ammonia above 408°, and the recoveries from 
nicotinic acid were unsatisfactory. 


Titanium This has never been recommended for routine use. but was briefly 


investigated in view of its high placing (fourth) in the list of Osborn and Wilkie.” 


It was found that loss of ammonia only occurred above 408", and recovery of nitrogen 
from nicotinic acid was satisfactory only at this temperature. 

Iron In view of somewhat conflicting statements in the literature iron was 
investigated as iron!!! sulphate, iron!!! chloride and iron! sulphate. The mixture 
containing iron™! sulphate gave a cloudy suspension at once; that with iron! 
chloride went cloudy almost at once, and that with iron! sulphate gave an initially 
clear solution, which rapidly turned yellow, then cloudy, presumably due to oxidation 
followed by crystallisation of iron!!! sulphate. The appearance at this stage was the 
same in all three cases; namely, a white precipitate in a yellow solution (the colour 
was discharged on cooling). It is apparent that, contrary to Stubblefield and De 
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NITROGEN FOUND IN BENZYLISOTHIOURONIUM CHLORIDE 


Ni 


(Theoretical 13-8°% N) 


1-0 


i 


nsoluble in boiling sulphuric acid. Brad- 

phate did not comment on the precipi- 

lid appear to make boiling more regular. 

s, the results were substantially the same for 

vas evident above 408°, and recovery from 
s temperature. 


i satisfactory catalyst by Ulsch.*® but later 


In the present work one experiment 


further investigated. 


The use of molybdenum or vanadium 


1 pentoxide being worse than vanadyl sulphate 


talytic activity was apparent, and it ts likely that the oxides 


catalysts. To support this view, chromium trioxide was 
s led to considerable loss of ammonia 


en claimed?’ to be less efficient than selenium, but not to 


id this is borne out by the present results. 


nium This mixture causes decomposition of ammonia at a 
lower temperature than either component alone. The maximum recovery of nitrogen 
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TABLE VII—NITROGEN FOUND IN NICOTINIC ACID 
(Theoretical 11-4°% N) 


K.SO, concentration, @/:m 1-0 
Temperature (from Table LV), °¢ 
Catalys 


None 
HgO 
Se 
H.SeO 
H.SeQO, 
CuSO, 
rio 
FeSO, 
MoO 
Vad 
VOSO, 


from nicotinic acid occurs at a lower temperature, but if this temperature is exceeded 


decomposition of ammonia again occurs 

Vercury and coppe Paul and Berry“ concluded that thi 
effective than mercury alone and the present work supports this conclusion. 
Selenium and copper; mercury and selenium and copper These mixtures behaved 


similarly to selenium, and mercury and selenium respectively. In the light of the results 


significant that none of the 


with mercury and copper this is not unexpected. It is 


workers=**! who have recommended the ternary mixture have given good evidence 
of its superiority. Poe and Nalder*’ claimed it to be better than mercury or copper 


alone, but did not compare it with a mixture of mercury and selenium, and in any case, 
only analysed simple amino compounds. 
Vanadium and selenium This mixture, originally recommended by Crossley,** led 
to a loss of ammonia above 387 rhe recoveries from nicotinic acid were higher than 
with either component alone but still not satisfactory. 
Mercury and tellurium As tellurium alone was shown to cause no significant 
loss of ammonia it was hoped that this mixture might prove an attractive substitute 


for mercury and selenium. The results show that this is the case, but there is no 


apparent improvement over the use of mercury alone. Since, however, the “clearing 


times” for the mixture were somewhat shorter than for mercury alone, it was thought 
desirable to compare these two catalysts more closely, by determination of the rate 
of digestion of nicotinic acid, using 1-5 ml of sulphuric acid and 2-25 g of potassium 


sulphate. The results, in Table VIII, show no significant difference. 
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TABLE VIII—COMPARISON OF MERCURY AND 
MERCURY-TELLURIUM CATALYSTS WITH RESPECT TO 


PHE DIGESTION OF NICOTINIC ACID 


Catalyst 
Digestion 


rir 


tions of nicotinic acid was carried out, using I-5 ml of sulphuric 
tassium sulphate, to determine the minimum amount of catalyst 
lable IX show that 10 mg is adequate, and the use of 20 mg 


Safety 


CONCLUSIONS 


the catalysts investigated is demonstrably 
hat there is no longer any justification 


mentioned. 


ARING TIMI 
to become clear, has been widely used as a 
Clearing will obviously occur when all of 
has been completely oxidised, but it does not necessarily 
of nitrogen to ammonia will take place concurrently. 
d that clearing is no criterion of the completeness of 
maximum recoveries of nitrogen were obtained 2-3 hr after 
Dalrymple and King.™ Similarly, Beet 
ilphate as a catalyst gave results that were 
and most published methods include a 


type “‘boil for after clearing’. On the other hand, Perrin*® 


nder the conditions used by him the conversions of nitrogen to 


; 


to carbon dioxide occurred simultaneously, and no “‘afterboil’”’ 
general, however, it seems likely that these reactions will proceed 
BLE [X—EFFI )F VARIATION IN 
THE AMOUNT OF MERCURY OXIDI 


ON DIGESTION OF NICOTINIC ACID 


HgO, m 
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independently, but that either or both will be influenced by the nature of the sample 
and the conditions of digestion. The categorical (and conflicting) statements made by 
different workers should therefore only be applied to the particular conditions used. 

It is well-known that many pyridine derivatives (e.g. nicotinic acid, used in the 
present work) are difficult to break down under Kjeldahl conditions. Furthermore, 
they may not char, so that there may be no visual indication of the progress of 
digestion. It follows, therefore, that any compound which contains a stable hetero- 
cyclic ring, or which can give one during digestion, will not only be difficult to decom- 
pose, but may give a clear digest before conversion of nitrogen to ammonia is complete. 

Sorenson and Anderson,” as early as 1905, realised the importance of the possi- 
bility of ring formation during digestion, but their paper appears to have been 
virtually overlooked by subsequent workers. They concluded that it was difficult to 
obtain quantitative results for lysine because it could ring-close to give a piperidine 
carboxylic acid. This would presumably occur through a series of reactions, the 


overall effect of which would be 


CH, 
CH, 
CH, CH-COOH ‘H, CH-COOH 


NH 


[hey demonstrated that pyridine, piperidine, and substances such as lysine and 
lysuric acid, which could give such a ring during digestion were difficult to decc mpose, 
whereas pyrrolidine carboxylic acid, and substances such as z-amino-d-hydroxyvaleric 
acid and «0-diamino-adipic acid, which could give a five-membered ring, were rela- 
tively easy to decompose. On the other hand, if the ring-closure could lead to a 
piperidone rather than a piperdine, decomposition was easy. Examples of this class 
were piperidone itself and substituted aminopropyl malonates 

In the light of these findings, much of the apparent contradiction and confusion 
in the literature becomes explicable. It is apparent that those workers who have found 
it necessary to use long digestion times, or who have found that a lengthy “‘afterboil” 
is necessary to ensure complete digestion, have used such mild conditions that the 
stable six-membered rings are only very slowly attacked. The extreme case is pro- 


vided by Marzadro,** from whose work it appears that under very mild conditions 


(only 0-035 ¢ of potassium sulphate/ml, and 30 min digestion) many pyridine rings 
; : £ 72. E 


are completely unattacked. Jonnard,*” and Chibnall, Rees and Williams,” also using 
mild conditions, found it necessary to digest for 16 and 8 hr respectively. Jonnard, 
in fact, concluded that even with this lengthy digestion, it was not possible to decom- 
pose proteins completely unless a “pre-reductive’”’ treatment was given. By his 
normal procedure, he obtained only 86-97 %, recovery from tryptophane, in agreement 
with Van Slyke, Hiller and Dillon,“ who could only get about 90°, recovery from 
tryptophane or lysine, although they tried “practically all the oxidising and catalytic 
agents recommended in the literature”. 

Dunn and Rockland* state, rather oddly, that “lysine may be determined quanti- 
tatively with the selenium-copper catalyst only after 50 hr digestion, whereas only 


26 hr were required in the absence of selenium”. 
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On the other hand, there are more recent workers, such as Perrin,®* and McKenzie 
Wallace,? who have achieved complete recovery with a much shorter digestion 
nin respectively). They have obviously used conditions sufficiently 

ompose pyridine rings rapidly. Both these workers reported satisfactory 

cotinic acid and tryptophane, and, in addition, lysine was analysed 

by McKenzie and Wallace, who state that the “digestion periods 

Williams, and the preliminary treatment considered 

an indication of failure to choose optimum conditions”. 

ove discussion that the clearing time is not a valid 

ligestion, and observations made during the present work 

for example, observed that under some conditions complete 


yenzylisothiouronium chloride could be obtained even 
roceeded, it appeared that the clearing time might be dependent on 
ing, as well as on the other factors studied, and an experiment was 
k this. Six identical mixtures were prepared, each containing 1-5 ml 
of potassium sulphate, 40 mg of mercury" oxide, and 5 mg of 


I 
These were digested as usual, and the clearing times 


chloride 
‘boil test’? for checking the intensity of heating, and it was 


re the results obtained in the above experiment with such a test. 


1e taken to boil 5 ml of water in a 30-ml Kjeldahl flask was deter- 


The results of both these tests are shown in Table X. 


EARING TIME TEST AND BOIL TEST 


1OW a reasonable agreement, with the exception of 
> characteristics may have changed (the two tests were carried out 
[he tests confirmed our suspicion that Burner No. 1 was less 
rs, and it was, for that reason, used throughout for the “blank” 
imilar tests should be carried out by future authors to enable 

De made. 
ng times for benzylisothiouronium chloride with varying concen- 
m sulphate were tabulated, it appeared that those digests containing 
clearing more slowly than those with 1-0 g/ml. To check this 
series of otherwise identical mixtures (1-5 ml of sulphuric acid, 


oxide, and 5 mg of benzylisothiouronium chloride) containing 


ferent amounts of potassium sulphate, were prepared and heated. The observed 


clearing times are shown in Table XI. 
[hese results amply demonstrated that there was an optimum concentration of 
r rapid clearing. Stubblefield and De Turk™ attributed variations 


potassium sulphate fo! 
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TABLE XI—CLEARING TIMES WITH DIFFERENT AMOUNTS OF POTASSIUM SULPHATI 


K.SO,, g/ml : 1-0 2:0 


Clearing time, min . 1] 17 
in the digestion time to variations in the number of bubbles formed during boiling, 
and it is possible that a similar effect occurred here. Since the gas burner settings were 
the same for all digestions, the more concentrated solutions, having higher boiling 
points, boiled less vigorously than the others, and this factor may have overridden the 
effect of rise in boiling point. Another possible reason is that the digests containing 
more than 1-0 g of salt/ml frothed badly during the early stages of the digestion, and it 
appeared that much of the carbon was held in the relatively cool foam, almost un- 
attacked by the boiling acid beneath. 

The question then arose whether the frothing was characteristic of the sample 
used, or whether it was inherent at high concentrations of sulphate. Similar experi- 
ments were therefore carried out with a number of other organic compounds. In 
every case a minimum clearing time was observed at 1-0 — 1-5 g of potassium sulphate 
ml, and in some cases the most concentrated digest tended to froth, but in no case was 


the frothing as severe as with benzylisothiouronium chloride. 


RECOMMENDED METHOD 
(The reagents are described on p. 61) 

Weigh about 5 mg of the sample into a Kjeldahl flask. Add 20 mg of mercury! oxide, 2:25 g of 
potassium sulphate, and 1-5 ml of sulphuric acid. Heat gently for 2—3 min to dissolve most of the 
salt, then at full heat for 20 min. The heaters should be checked with a “‘clearing time”’ test or a “‘boil 
test’, as described on p. 68. The recommended times are 6 1 min or 4S 5 sec, respectively 

Allow the flask to cool: dilute the contents with about 10 ml of water, and warm gently if neces- 
sary, to dissolve the “‘cake”’ of potassium hydrogen sulphate. 


1 


Wash the contents of the flask into a distillation apparatus, and add 10 ml of alkaline thiosulphate 
Steam-distil the ammonia into 5 ml of boric acid, containing 4 drops of screened indicator. Allow 
distillation to proceed, at 4-5 ml/min, for 3 min with the tip of the condenser immersed in the boric 
acid, and a further | min with the tip clear of the surface. Wash down the end of the condenser, and 
titrate the contents of the receiver against 0-01N hydrochloric acid. Carry out a similar blank deter- 
mination, and correct the result accordingly. 


Some results obtained by this method are shown in Table XII 


CONCLUSIONS 

The boiling points of solutions of up to 3-0 g of potassium sulphate in 1-5 g of 
sulphuric acid (2:0 g/ml) have been determined. In actual digestions, it has been 
found that in the absence of any catalyst, no loss of nitrogen occurs with a salt 
concentration of up to 2:5 g/ml (corresponding with an estimated temperature of 
430°). Because of frothing and extended clearing times, however, the maximum 
practical concentration is 1-5 g/ml. 

Mercury, used alone, is the best catalyst, under the conditions investigated. All 
other catalysts examined either cause a loss of nitrogen, or are inferior to mercury 
with regard to the rate of digestion. 

Using mercury as catalyst, together with a salt concentration of 1-5 g/ml, quanti- 
tative results have been obtained on all of the compounds examined, with a digestion 
time of only 20 min. 
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XII1—RESULTS OBTAINED BY THE RECOMMENDED METHOD 


Nitrogen 


Found 


of no value as a measure of the rate of 


ificantly affect the rate of digestion, and 


y out a “boil test’, or a “clearing time” 


ted by other workers. 


advice and discussions during 


of M.Sc. in the 


Zusammenfassung — | virkur i ; der Kaliumsulfatlbsung—und 2 “inze und 
Kat ator 1 stimmung des Stickstoffes mittel r Kyeldahl-Methode wurde 
Quecksilber hat sich als det st at ator erwiesen n hoherer Titer der Kalium- 

Es werden verschiedene Faktoren besprochen, 


, die sich auf die Bestimmung auswirken 


' 


Résumé — | effets du titre de la solution en sulfate de potasse et de 21 catalyseurs simples et mixtes 
ahl, ont été étudiés. Le mercure s’est confirmé 
n sulfate de potasse plus elevé que le titre habituel est 


les commentaires au sujet de divers facteurs, y compris le 


‘nt en jeu dans la détermination 
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Summary f molybdenum with «-benzoinoxime was 
vy of this element from very dilute 
pplied to the isolation and deter- 
- ld 


14 tS yield, 


the concentration 


INTRODUCTION 


yncentrated from very dilute solution by co-precipi- 

In the case of trace amounts of molybdenum, 

»y CO-precipitation with an iron carrier. Although 

salts also effic y scavenge many other 

nm process more difficult as com- 
minating 

re selective as carriers, and greater specificity in 

molybdenum from natural waters with tannin 

”y virtue of the ability to remove the organic 


cesses are in essence Carrier-Iree 


idy on the separation of ultramicro quantities of 
llisation with organic precipitants, the collection 
m with benzoinoxime was studied. This reagent 
lybdenum salt satisfies Fajans Rule.* The value of this 
an organic compound was previously established.* 


tiol 


1 of molybdenum upon crystallisation of fractions of the 


1¢ influence of oxime concentration, and the effect of pH were 
yr the accurate measurement of ultramicro quantities of molyb- 
ive tracer was used. 


The information derived from these experiments 
o the isolation and determination of the natural molybdenum content 


EXPERIMENTAI 


(Eastman Kodak): Purified by recrystallisation from alcohol. The purified 
ved in acetone several hr before use. 
pH 5-5): Prepared from analytical reagent-grade acetic acid and sodium acetate. 
ils used were of analytical reagent-grade. 


she) 





The co-crystallisation of ultramicro quantities of molybdenum with «-benzoinoxime 


Molybdenum-99 tracer: isolated carrier-free from a fresh uranium fission-product mixture.’ The 
final solution was 0-1N in nitric acid and molybdenum was in the sexavalent state. Radiochemical 
purity was established by y photon pulse height analysis and by decay measurements. The y photon 


measurements were made in a well scintillation counter 


Spectrophotometric determination of «-benzoinoxime 


To evaluate upon crystallisation the distribution of «-benzoinoxime between the liquid and solid 
phase, a spectrophotometric method was developed for its determination. With a Beckman spectro- 
photometer the maximum spectral absorption occurred at 251 my when «-benzoinoxime was dissolved 
in the buffer solution. The optical density at this wavelength of 5 to 20 wg of oxime per ml of solution 
when compared to a solution blank is shown in Table I. The relation between reagent concentration 


and optical density adhered to Beer’s Law 


TABLE | THE OPTICAL DENSITY AT 251 my OF DIFFERENT CONCENTRATIONS OI 


%-BENZOINOXIME IN ACETATE BUFFER (pH 5-5) 


¥-Benzoinoxime, Optical 


density 


The «-benzoinoxime distribution was determined by assay of the crystalline phase. After crystal- 


lisation, the crystals were collected on paper by filtration through a tower, then dried for several min 


with the aid of suction. The collected material was dissolved in absolute ethyl alcohol and diluted to 


An aliquot of this solution was diluted to the spectral working range with acetate 


a definite volume 
buffer and its optical density was compared with a blank buffer solution which contained a like 
concentration of ethyl ak Che concentration of «-benzoinoxime was computed from the optical 


density measurement in the usual manner 


Experimental method 


One ml of carrier-free molybdenum-99 with a y photon activity of 10*-10° cpm was added to 10 ml 
of water whose hydrogen ion concentration was previously adjusted with sulphuric acid or sodium 
hydroxide. Five ml of «-benzoinoxime solution were added. The resultant homogeneous solution 
was heated in a steam bath until part or nearly all of the acetone was evaporated. The sample was 
then cooled in an ice bath and the phases were separated by filtration. The molybdenum distribution 
was determined by y-photon measurement of the crystal phase after solubilisation of the oxime and 
dilution to volume with ethyl alcohol. The measurement was made after the establishment of equi- 
librium between molybdenum-99 and its daughter technetium-99. This alcohol solution was analysed 
also for oxime 

RESULTS AND DISCUSSION 

rhe effect of the organic reagent concentration over the range 30 to 200 mg of 
oxime per sample upon the co-crystallisation of molybdenum is shown in Table II. 
Samples were boiled until they were reduced to their original aqueous volume. At the 
lower reagent concentration only 155% of the oxime crystallised from solution and 
this fraction carried 25% of the molybdenum. At an oxime concentration of 120 to 
200 mg per sample more than 90%, of the oxime was recoverable and under these 
conditions molybdenum was carried quantitatively. 

The effect of the hydrogen ion concentration upon the recovery of molybdenum 
tracer is shown in Table III. In this series the reagent concentration was 200 mg per 


sample. Molybdenum was quantitatively recovered over the pH range 1-8 to 5:5. 
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a column of Dowex 2 (10cm long, 0°6 cm diameter) previously 


hloric acid. The column was washed with 20 ml of concentrated 
was eluted with 20 ml of 12N nitric acid 


Che eluate was evapor- 
ml of SN hydrochloric acid 


Each sample was diluted to 25 ml 


e 


1olybdenum yield was determined radiometrically at this stage of th 


im-99 control diluted to the same volume. The molyb- 


nined by a thiocyanate spectrophotometric procedure 


he average molybdenum content 

0-1 wg/litre and this value is consistent 

the analysis are attributable to 

1e spectrophotometric measurements, and these 


respectively Furthermore, the fact that the molyb- 


ites that analytical 


7Zusammet 


Math. Phys. Klasse Fachgruppe IV Geol. 


an and R. Lagrange, pt nd., 1938, 206, 450 
§ of Oceanog 


rsonal communication 


E. Johnson, Analyt 





Talanta, 1961, Vol. 8, pp. 77 to 84. Pergamon Press Ltd. Printed in Northern Ireland 


ANALYTICAL USE OF 1,3-DIMETHYL-4-IMINO-5- 
OXIMINO-ALLOXAN—I 


DETERMINATION OF COPPER 


K. BURGER 
Institute of Inorganic and Analytical Chemistry 
L. EOtvOs University, Budapest, Hungary 


/16 Oct 


Summary )-oximino-alloxan 
(DAXIM) 1 


n established by 


met 


10d as wel Cy y | c | 
DAXIM [he 1 metho as proved 
sad, bismutl i l 4 Nn ( 


etals T] 


’ find, for use a ‘agents for metals. 


organic molecules contain ictional groups selective for certain metals, 
but possessing a strt form with a number of metals (not more 
than three or four) coloured, water-soluble complexes, and forming precipitates with 
only one or two metals. Thus it ¥ 1 be possible t he same reagent, under 
various conditions, for the selective determination of several metal 

As a first result of the investigations, | .3-dimethyl-4-imino-5-oximino- 
inalytical reagent lgegested 


alloxan (abbreviated as DAXIM) as an orga! microan 


CH, 


This molecule contains two characteristic functional groups: an isonitroso-imino 
group (1), selective for nickel and palladium", and an isonitroso-keto and nitroso-enol 


equilibrium (2), selective for iron", copper! and cobalt!: 


N—OH 
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simply by Traube synthesis, can be purified by re- 


in inexpensive reagent, readily available as an 


practically insoluble in most of the 


), very poorly soluble in 


in ide 


DAXIM_ dissolves 
tion of DAXIM (Fis 


aqueous solution of DAXIM (2 


spectrum of DAXIM 
f the copper complex of DAXIM. 


pectrum oO 





Analytical use of 1,3-dimethyl-4-imino-5-oximino-alloxan 


molar), containing about 4—-5°% of formamide, showed a maximum 
no absorption was observed from 370 to 460 mu and above 600 my 

As might be expected on the basis of its structure, DAXIM forms a water-soluble 
coloured complex with copper", iron', and cobalt! ions, and a practically 
insoluble precipitate when boiled with palladium in a slightly acidic medium, or witl 
nickel in ammonia 

In neutral or slightly alkaline aqueous solution, copper!! ions form with DAXIM 
a water-soluble complex, insoluble in non-polar solvents. The complex is grass-green 


: , , ; 
and shows a red tint with excess of the reagent. Its absorption ¢ 


range 380—390 mu. In 


urther experiments the e values were measured at 


> of extinction values upon pH values was establ -d at a copper! 


ri 


concentration of 2. 10-4 moles/litre and a reagent concentration of 8 . I moles/litre 


As appears from Fig. 3, the maximum extinction with this concentr I ‘the com- 
I 
plex is between pH 7 and pH 9°5. On considering the acidic dissociation exponent of 


DAXIM, pA 8. the dissociated molecules of 


the complex formation Presumably a _ keto-enol conversion 


sociation: 
CH 
O 


CH N—OH CH, N—O CH, 
NH NH NH 


In order to establish the stoichiometric composition of the complex, a Job’s curve’ 


was plotted in a Britton-Robinson buffer of pH 8 (Fig. 4). This indicates that copper! 
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ions form a | complex with DAXIM. Therefore only two of the four co-ordination 
points of copper may participate in the chelate formation, both residual co-ordination 


Mo! 2 


tio, the concentration of the 


ng occupied by water molecules, or monofunctionally by DAXIM in the 
t excess of reagent. This is why raising the excess of reagent increases 

> extinction coefficient 
riments carried out in a butler containing ammonia suggest that in 


ned under these conditions, two co-ordination points of copper are 


DAXIM molecule and the other two by ammonia molecules: 


O NH 


AJ 


O 
asurements also supported the above structure of the complex. 
from Job’s curve, that the extinction of the complex obeys the 
in the case of a large excess of reagent(over 80 mole ”,), and that the 
tinction coefficient is not affected by any further increase in the excess 
urther experiments the amount of reagent used was four to twenty 
In order to establish the molar extinction coefficient, the 
various complexes prepared in copper! solutions of various 
known concentrations (Fig. 5) were measured. It was found that in solutions containing 


ig/ml of copper" ions the molar extinction coefficient was 
(5-05 0-05) 10* (mean value of 24 measurements) 
at 25° and a wavelength of 382 mu. 
From the knowledge of the extinction coefficient, the stability constant of the 
complex was calculated using the value for the extinction measured at the maximum 
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of the Job’s curve (i.e. from the extinction value of the complex of stoichiometric 
composition). At a given pH (pH 8) the concentration of the ligand formed by 





ncentration in ; ritton-Robinson buffet 


. 
of ammoniun lloride; volume, 2 


dissociation of the complex was calculated from the acidic dissociation exponent of 
DAXIM (pA 8) and from the dissociation exponent of ammonium hydroxide 
(pA 4:74). 


Che stability constant of the complex is: 


[Cu:DAXIM-(NH,)»"] 
[Cu }[DAXIM][NH® 
pA 20 


On the basis of the molar extinction coefficients and of the calculated factor, it 
was possible to use DAXIM for the photometric determination of micro amounts 
(1-13 ug/ml) of copper. Results are summarised in Table I and Fig. 5. It can be 
seen from Table | that the error of the method is +2 even if the copper concentration 
is 1-2 ug of Cu/ml 

In order to establish how far certain metals might interfere in this determination, 
experiments were carried out at pH 8 in a Britton-Robinson buffer-solution 
containing 0-1 °% of ammonium chloride and in certain cases in a buffer solution of 
ammonia and ammonium chloride of pH 8. The solution of unknown copper content 
was first treated with the reagent dissolved in formamide, and buffer solution was then 
added in the amount necessary to obtain a solution containing I-13 wg of Cu/ml. In 
the case of metal ions which form precipitates with the buffer solution, the turbid 


solution was centrifuged, and the supernatant liquid was decanted (not filtered). The 


precipitate was stirred with a few millilitres of water and centrifuged, and the former 


solution was diluted with this water to known volume. Before measuring extinction 
values, if necessary, the solution was adjusted by further portions of buffer solution 


to a pH value of 7-9. 
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results obtained from some experiments are presented in Table II. 


was possible to determine about 7 ug/ml of coppel with an error of 


NATION OF COPPER 


opper 
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| 
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0-002 


amount of mercury!!, of 100 times this 


‘s of manganese, bismuth, zinc, cadmium, 


opper 
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so/ml 


4000 

1600 

R30) 

250 0-610 

220 0-608 
0-600 
0-589 
0-600 
0-620 
0-600 
0-620 
0-610 
0-608 


0-595 
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inder continuous stirring, with 
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1 
| 
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Dissolve | 
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icetic acid I I / - / ino-alloxan 


(DAXIM) pre 
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DAXIM in formamide: 0-05M (about 1°.) solution 
Britton-Robinson buffer solution of pH 8, containing 0-1 ammonium chloride. 
Hydrochloric acid, 2A 


Sodium hydroxide, 2A 
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Procedure 


Evaporate aliquots of the solution containing 10-130 ug of copper to 1-2 ml, neutralise approxi- 
| 1 : 5 


th 2N alkali or acid in the presence of universal indicator paper, and if necessary reduce 

nall volume, then treat with 0-4 ml of a 1° solution of DAXIM, and with 5—6 ml of the 

If the solution contains ions forming a precipitate with the buffer solution, it 1s 

reagents In a cent! ifuge tube, and to separate the precipitate from the supernatant 

ting the liquid, mix the precipitate with 1-2 ml of water, and again centrifuge. 

pH value of the combined solutions with universal indicator pape! Dilute the solution, 
10:00 ml, and measure the extinction value at 382 my in a 1l-cm cuvette 

nction value by 12-6 to obtain the copper content (in micrograms) of 1 ml of 

tions, the volume of liquid can be greater (i.e. 25, 50 or 100 


amounts of reagent and buffer solution 


ired from exactly weighed tions of crystalline 


was used, and was controll by iodimetry and 


photomet! ic measurements, a 
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A CRITICAL EXAMINATION OF THE GRAVIMETRIC 
AND TITRIMETRIC METHODS FOR THE 
DETERMINATION OF GOLD 


F. E. BEAMISH 
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1960 CC nted Not mbei 
€ 


ed before Jul ) n attempt has been 
> titrimet and gravil ric methods for determining 
1. bh , 


rtain methods have been rejected fron 


many detern 


THE origins of methods for extracting gold from natural sources reach far into 
antiquity. From the very advent of scientific literature extractive procedures have 
been recorded, until at the present time separation and determination of gold is a 
subject of discussion in practically all issues of chemical abstracts. Because of the 
wide applications of this metal, extending as they do into the fiek f medicine, 
decorative alloys, monetary systems efc., extractive methods are many types, 
among which solvent extraction processes predominate. A rather wide choice of 
these is available and they include treatment of both fused and aqueous systems. 
[Initially it was hoped to discuss in a single review the recorded methods of isolation 
and determination but the large accumulation of pertinent literature made this 
inadvisable. The present review will be confined to the classical methods of deter- 
mination; and subsequent discussions will deal with the “instrumental methods”’ 
and the procedures for isolating gold from both solid and liquid systems. More than 
one hundred published procedures deal specifically with the gravimetric determination 
of gold, and at least as many more are concerned with this determination as an integral 
part of a more general analytical scheme. This situation is not surprising, since a large 
number of available methods for a metal constituent is practically always associated 
with the ease of discovery of new reagents for that constituent: and few metals 
respond to a greater variety of precipitants. Generally this characteristic is found 


with predominately bivalent or quadrivalent metals; but in the case of gold, with a 


reduction potential of |-4 V, the quantitative precipitation of the metal is 


accomplished with ease. 
GRAVIMETRIC METHODS 


Quantitative reduction to metal 

In general, the quantitative recovery of metallic gold requires exacting techniques. 
To avoid loss of the fine but heavy particles of gold, one must recognise the effects of 
acidity, rate of addition of precipitant, period of digestion and particularly the 
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of salt is to be avoided, one can accomplish a satisfactory evaporation with acid 
alone, by watchful care and the use of small volumes of acid. The intermittent 
addition of large volumes of hydrochloric is always inexcusable. The use of a few ml 
total of acid permits the removal of nitric oxides within a few minutes. Both ferrous 
ion and sulphur dioxide are used in acid media, and the resulting gold is usually free 
from large proportions of impurities. 

In 1887 Bettel’ and Kruss and Hoffman’ reviewed the relative efficiency of ferrous 
sulphate, oxalic acid and sulphur dioxide as reductants for gold. It was concluded® 
that gold was selectively reduced by the three reagents in the presence of ruthenium, 
rhodium and iridium, but in the presence of platinum, oxalic acid was the preferred 
reagent, and in the presence of palladium, sulphur dioxide was recommended. In 1937 
Beamish, Russell and Seath® rejected both oxalic acid and sulphur dioxide as specific 
reductants, the former partly because of a persistent tendency to carry palladium, and 
the latter because of significant adsorption of platinum. Because of the tendency for 
the sulphur dioxide precipitate to adsorb platinum and palladium, Swanger’? recom- 
mended re-precipitation by oxalic acid or nitrite. Lenher et. a/.“ preferred ferrous 
sulphate and nitrous acid to sulphur dioxide for the separation of gold from tellurium. 
With the former reagent a 1-2, hydrochloric acid solution and a digestion period of 
24 hours were recommended. To precipitate one part of gold from one thousand 
million parts of solution, Pollard’ co-precipitated gold with tellurium by sulphur 
dioxide from 1:2N hydrochloric acid. Hecht and Lamac-Brunner’ recorded proce- 
dures for the microgravimetric determination of gold by sulphur dioxide, ferrous 


sulphate, hydrogen peroxide, sodium dihydrogen phosphate, 8-quinolinol and 


hydrogen sulphide. While little new information was provided, the publication 


includes an acceptable list of procedures. 

Precipitation by hydrogen peroxide is one of the least acceptable methods for the 
reduction to gold, since the basic medium required almost eliminates any separational 
value and encourages the formation of a fine precipitate. Vanino and Seemann" 
partially avoided these difficulties by digesting the basic mixture to destroy hydrogen 
peroxide and subsequently acidifying with hydrochloric acid. Ivkovich and Shaula’® 
applied a similar procedure for the precipitation of gold by superoxide from solutions 
containing copper and cadmium. Rossler'® considered the peroxide reduction in acid 
solution as too slow to be of practical value, and recommended the addition of lithium 
or potassium carbonate 

Formaldehyde was used by Vanino"’ in an alkaline medium and by Awerkieff'® in 
an acid medium. Neither is recommended as reasonably selective. A similar objection 
applies to reduction by hydrazine salts. Christensen'**° and Plaksin and Koyukhova*! 
thus reduced gold salts in acid solution and Stammreich* used an ammoniacal 
medium 

An interesting method of determining very small amounts of gold was described 
by Donau.” The minute amounts of gold were deposited from the boiling acid solu- 
tion upon small pieces of Japanese silk, which was subsequently burned on platinum 
foil to form an alloy which could be weighed. Associated base metals did not interfere. 

Sodium chlorite** and hypophosphorous acid®® have been used as reductants for 
gold. The former allows separation from the platinum group, while the latter will 
separate gold from platinum only in the absence of palladium. For general purposes 
neither method is recommended. 
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Sodium nitrite is one of the oldest and most generally used precipitants for metallic 
gold. An interesting application was described by Jameson,*® who added sticks of 
potassium nitrite to an aqueous solution of gold, followed by concentrated sulphuric 
acid. The gold precipitated within a few minutes as large nodules which could be 
separated by decantation. Holzer and Zaussinger*’ used sodium nitrite to precipitate 
gold from very dilute hydrochloric acid solutions of decorative platinum alloys. 
Subsequently the solution was neutralised to a phenolphthalein end-point, and the 
filtered gold was purified by treatment with nitric acid solution. Gilchrist"® used 
sodium nitrite to precipitate gold at a pH of about 1-5 (red-orange of thymol blue). 
rhe procedure contains directions for the simultaneous precipitation of indium, 


copper, zinc and nickel, and the subsequent selective acid extraction of the base metals. 


rhis author emphasised the precaution of washing out the nitrite before acidification 


of the hydroxide precipitate, to avoid dissolution of gold. Later, Gilchrist*® stated 
that the reduction of gold by sodium nitrite is complete at the end-point of chlorophenol 
red (pH 4-8-—6°4) 

Hydroquinone has proved to be an effective reductant of gold in fire assay beads.?® 
As compared with the older reducing reagents, there is less interference from platinum 
and palladium; the latter metal may be removed directly from the filtrate, but for the 
subsequent determination of platinum the organic matter should be destroyed. Some 
eight related organic reductants proved to be suitable quantitative precipitants. 
Procedures have been recorded for the application of hydroquinone to the analysis 
of alloys of copper, nickel, zinc and gold,’ for the separation of gold from tellurium and 


selenium®® and for the analysis of mill cyanide solutions.*® 


\ considerable number of organic reagents have been used for the determination 
of gold, some of which produced either mixed precipitates or precipitates not easily 
freed of excess precipitant. In these instances ignition to gold is required. Relatively 
few organic precipitants produce easily prepared pure substances. 

Citarin,*' urotropine,* 8-quinolinol, tetra-ethylammonium chloride, mercapto- 
benzothiazole** and dimethylglyoxime*’.*® have been used successfully. Citarin and 
urotropine are used in basic media and produce metallic gold. 8-Quinolinol*’ is used 
in ammonium acetate medium producing a mixed precipitate requiring ignition to 
metal. This method is not recommended. Tetra-ethylammonium chloride was used 
by Maynard* to avoid the contamination of gold by platinum and palladium associ- 
ated with sulphur dioxide precipitations. The procedure involved prior precipitation 
by sulphur dioxide, then re-precipitation by the tetraethylammonium chloride to 
produce a yellow precipitate of variable composition which required reduction by 
sucrose before heating. The method has little or nothing to recommend it. Kuras 
and co-workers**;*§ used mercaptobenzothiazole in alcohol which, subsequent to the 
evaporation of the alcohol, precipitated a complex which was then ignited to gold. 
Duval® found that the complex was unstable and impure. For general quantitative 
work the method has little to recommend it. Dimethylglyoxime was first used by 
Wunder and Thuringer* as a precipitant for palladium. These authors stated that in 
hot hydrochloric acid metallic gold was precipitated, but no quantitative results were 
provided. Under similar conditions the present author®® has isolated an organic 
complex which rapidly decomposed on exposure to air producing metallic gold. The 
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composition of the yellowish plates proved to be variable, which state of affairs could 
be the result of rapid decomposition or of the formation of mixed crystals. In any 
case continued heating of the precipitating medium produced gold quantitatively.*® 

A few reagents produce organic weighing forms with the great advantages of easy 
transference and purification and also of providing very favourable weight factors. 
rhe thionalide of gold was suggested as a direct weighing form by Berg and Roebling,” 
but the present author has been unable to find a recorded procedure. Unemura*! 
recorded the proper heating temperature as 230°. From the general failure of this 
reagent to provide weighing forms in its wide applications as a precipitant for other 
metals, one is not encouraged to expect an easily obtained pure substance with gold, 
nor any useful degree of specificity. 

[he first organic-gold weighing form was recorded in 1946.%.3 Thiophenol in 
acid solution precipitated a white compound which upon ignition yielded slightly 
high results. Duval’ found that “the white deposit turns yellow on prolonged 
exposure to light, dries immediately, and has a constant weight up to 157° which 
satisfies the formula Cg,H;SAu to within 0°5%”’. The two levels of the pyrolysis 
curve could be used for automatic determinations since the ignited gold gave no 
evidence of adsorption of oxygen. Deterrents in the use of the method are the in- 
stability and disagreeable odour of the precipitant and the objectionable odour of the 
ignited products. Furthermore, the method is far from specific with respect to inter- 
ference from platinum metals. Both platinum and palladium are quantitatively 
precipitated, although the associated base metals, copper, nickel and iron do not 
interfere. 

\ promising gravimetric method for gold was proposed by Harvey and Yoe.* 
The sodium salt of N-(N-bromo-C-tetradecylbetainyl)-C-tetradecylbetaine produced 
two complexes; one in hydrochloric acid solution containing 22-14% gold, and a 
second in hydrobromic acid solution containing 18-01% gold. Both could be dried to 
constant weight at 85°. Precipitation from hydrochloric acid resulted in coarse 
flocculent particles which decreased in size as the reagent was added to such a degree 


that filtration and washing were objectionably difficult. With 1-3N hydrobromic 


acid these processes were not adversely affected. The precipitate of unknown con- 


stitution could be weighed directly or ignited to gold, and the recorded results indicated 
excellent recovery over the range of about 5—10 milligrams of gold. However, precipi- 
tations at 30° or higher were incomplete, and large excesses of reagent reduced the 
particle size, with excesses beyond 25% increasing the solubility of the precipitate. 
rhe reagent is far from specific, with interferences from most of the platinum metals 
and a variety of base metals. Unfortunately the effects of iron, copper and nickel 
were not discussed, although a procedure was applied satisfactorily to gold ores which 
involved a solvent extraction in the presence of platinum metals, and in general a 
co-precipitation with tellurium by tin" chloride. The method will have excellent 
application for standardisation and similar purposes, but in spite of the favourable 
weight factor, the relative value of the method for complex materials is quite limited. 

Mahr and Denck* precipitated AuCr(NH3;).(SCN), from a nitric acid solution 
containing sodium dihydrogen arsenite and Reinecke’s salt. After a short 
digestion period, the precipitate was washed with dilute hydrochloric acid, dried and 
weighed. Bagbanly*® also used Reinecke’s salt in a hydrochloric acid medium and 
dried at 110°. This reaction is not particularly sensitive, and although it is stated 
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remove excess zinc. The supernatant liquid is decanted, and the sponge is pressed 


into a compact mass and cupelled. 


Wogrinz®® rejected the Chiddy method when the cyanide solutions contained 


ferrocyanide, but this. however could be destroyed by evaporation to a residue, and 


then fuming with sulphuric acid. After treatment with aqua regia, hydrochloric acid, 


lead acetate and zinc powder, the gold was collected, washed, ignited and weighed 
Roodhouse®® modified the Chiddy method slightly by adding acetic acid to the 
reduced mixture, followed by boiling, decantation and addition of hydrochloric acid 
»4 1 


Bugbee”? stated that “‘the Chiddy method with its numerous modifications is 
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Aveenkov eft al.®* stated that the recorde methods fo1 Samping 
cvanide solutions yielded very inaccurate results. 

\ wide variety of reducing reagents have been proposed for the reduc 
salts in cyanide solutions. Bayula®* used carbon, and subsequenth 
precipitate. For the determination of gold in cyanide plating sol 


rejected the classical reduction methods for routine purposes because of the excessive 


‘ j | + 5,2 . 
time and the t yus techniques required, and the sulphuric acid evaporation method 


} 
ndency toward the formation of colloidal gold and of the poisonous 


because of a te 
fumes evolved during the heat treatment.®°.®’ The method proposed by him included 
the removal of free cyanide by the addition of silver nitrate and subsequent fuming 
with sulphuric acid. Methods such as these are far from specific. The noble metals 
and associated base metals interfere, although slight modifications could be applied 
to ensure satisfactory recoveries 

Nitric acid was used by Marenkov® to isolate gold in cyanide slimes, subsequently 
dissolving it in aqua regia and re-precipitating by hydrazine hydrochloride. Seath 
and Beamish*® used zinc in mill-cyanide solution to precipitate gold, tellurium and 
silver collectively; the mixture was then dissolved and treated with hydroquinone to 


remove gold selectively. Shah®® also used zinc, the excess being removed in a sulphuric 
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[he gold was purified by nitric acid before weighing. Rochat’ used 
foil to isolate gold, which was then purified by nitric acid within an error 
Aluminium sheet has been used in a modification of the Chiddy method.* 
emoval of lime by sodium hydroxide and filtration, the sheet is completely 

rhe resulting sponge is coherent and relatively free from impurities. 
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rITRIMETRIC DETERMINATIONS 
the titrimetric procedures for gold require a precipitation of the metal or of 
In all but the iodometric gold methods, the end-points are 
ugh potentiometric techniques or by back-titrations against excess of 
As would be expected from the reduction potentials of gold salts, there is 


available a wide variety of reducing agents. Among the most suitable are hydro- 


quinone, iron’', arsenite ion and ascorbic acid. Others of use for specific purposes, 
lil I 


but not recommended for general use, are titanium tin'', chromium", copper’, 
hydrazine salts, sulphur dioxide, etc. 


Potassium iodide is a notable exception to the general type of reductant involved 


cation from S. E. Wolfe. 
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in gold titrations. One of the earliest reagents, it was used in 1899 by Peterson,”® 
who suggested that the reaction resulted in the stoichiometric formation of univalent 
gold iodide and free iodine, the former reacting with sodium thiosulphate to produce 
NaAuS,O;. Thus Peterson believed that the quantitative relationship was one 
atomic weight of gold to three formula weights of sodium thiosulphate. Whether or 
not the above gold complex is formed, there can be little doubt that the proposed 
equation is unacceptable. In any case, Gooch and Moreley“’ indicated that the 


relationship of gold to iodine is 1:2, and found “‘no evidence whatever’ for the 


reaction to form NaAuS,O,. These authors used amounts of gold of the order of 


| mg or less, and recorded that the reaction was influenced by the “‘volume of the 
solution, the mass of iodine present, and the time of action’. To avoid the presence of 
foreign oxidising substances during the dissolution of gold by chlorine water or aqua 
regia, the solution was twice treated with ammonia in excess, boiled, and acidified 
with hydrochloric acid. The titration procedure involved the additi " excess 
potassium iodide just sufficient to dissolve the gold-iodide. The liberated iodine was 
titrated with standard sodium thiosulphate to a clear solution in the presence of 
starch and then standard iodine was added to the rose-coloured end-point. Excellent 
results were obtained with 0-01N or 0-001N solutions of the titrant, and in general the 
work of these authors reaches a high standard. Scott*® records the above method for 
small amounts of gold, but, without explanation, recommended the determination of 
an experimental gold factor for the standard thiosulphate solution 

For larger amounts of gold the Gooch and Morley method has been found in- 
applicable. Rupp“ ascribed the difficulty to the instability of gold’ iodide, which 


slowly dissociated into gold and todine Herschlag*® 


rejected the suggestion that the 
instability of gold’ iodide was a main cause of error, and without sufficient experi- 
mental evidence he claimed that the error was caused “by a side reaction involving 
the aurous iodide complex and thiosulphate’’. This statement was made as a result of 
Lenher’s*! ability to obtain accurate results on samples of gold ran; 

to 0-7301 g by a titration of released 1odine with a standard sulphurous acid solution, 
in which the back-titration with iodine used by Gooch and Morley was not required. 
Vanning and Hartwagner™ rejected Peterson’s method because the calculations based 
on the assumption of one formula weight of gold to three of sodium thiosulphate 
produced high experimental results; and they rejected Gooch and Morley’s method 
because of inaccuracy which became more evident when larger amounts of gold were 
used. The proposed method depended upon the oxidation of excess potassium iodide 
by 6AuCl,-HCI to produce 121 and 6HCI, the latter producing 61 in a solution 
containing potassium iodide and iodate, a final relationship of 181 to 18 formula 
weights of sodium thiosulphate. The results obtained in pure HAuCl, solution were 
an improvement on those from oldet methods, but the method will have a very 
limited application since acids other than the combined hydrogen chloride are in- 
admissible. Unfortunately these authors’ report** included no reference to the prepara- 
tion of gold solutions by dissolution of the metal. 

Herschlag®® recorded one of the most acceptable iodide procedures. Here the 
interference from the nitric-hydrochloric acid dissolution of the gold was removed by 
treating with sodium hypochlorite or by potassium chlorate, diluting and boiling out 
the excess chlorine. The solution was then neutralised with sodium carbonate, 


slightly acidified and made basic to litmus with sodium hydrogen carbonate. Unlike 
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potassium bromide to accelerate reduction of gold’ salt and to form the brown 

bromoauric acid which was reduced by standard arsenious acid. The latter was made 

with hydrochloric acid, and contained mercuric chloride and a small amount of 

potassium iodide. The gold'" salt liberated iodine which reacted immediately with 

the arsenious acid. The reverse reaction, through the action of iodide ion, was 


prevented by the formation of HgCl,.HgI,. Furthermore, the iodide concentration 


was thus kept sufficiently low to prevent interference from other metals except 
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thallium, palladium and iridium. An amount of the standard arsenic solution almost 
sufficient to precipitate the gold, as indicated by the disappearance of the brown 
bromoauric acid, was added. The final trace of the latter was determined by the 
addition of o-tolidene or dianisidine indicator, containing sodium fluoride to complex 
the iron, and the titration was completed with standard hydroquinone. The results 
from known gold samples indicated a high degree of accuracy. There was no inter- 
large amounts of copper, nickel and iron, or from small amounts of lead, 
zinc, platinum and various other metals. Palladium and ruthenium interfered. The 
author offers a fair summary of the applicability of the method in that for “hall 
‘re would be considerable economy of time and cost as compared to the 
For general purposes there are objections in that the liquid to be 
ture with gold and the end-point is thus obscured. Furthermore, two 
yns are required. In any case the direct titration with arsenic!" in a 

° is simpler and of more general application. 
ecorded one of the most useful titrimetric methods for micro amounts 
cipitated gold was dissolved from the filter by bromine water acidified 
oric acid {gua regia could also be used. Interfering gases were 
pinging air on the surface of the gold solution. After dilution, the 
buffered with potassium fluoride, o-dianisidine was added, preferably 
he end-point, and the gold was titrated with hydroquinone solution. There was 
iable interference from the associated base metals, copper, silver, iron and 
thod was best suited for 2 mg of gold or less; for very small quantities, 
ly co-precipitated with tellurium by reduction with sulphur dioxide 
; precipitation was used successfully for the recovery of gold at a dilution of 
ousand million parts of solution. The method was found suitable for 
f gold in urine. For this determination Jamieson and Watson®® 
if Pollard’s method. Samples of urine containing 0-085—0-522 mg 
and the addition of sodium chloride to assist coagulation and 

oiling were required for acceptable recoveries. 
ev and co-workers*®.®’ used the hydroquinone titration for gold-cyanide 
tric acid and potassium chlorate, the solution was 
a slightly acid reaction and then titrated with hydro- 


titration was used by Zharkova and Zhaeheva** to 


nide electrolytes. The solution was neutralised and gold was 


rine hydrochloride, then redissolved, and finally titrated with 
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the presence of potassium bifluoride and o-dianisidine. The relative 


licators for the hydroquinone titration was discussed by Belcher and 
Nutten*® f those examined, 3-methylbenzidine gave the best colour change. End- 
points with benzidine and 2,7-diaminofluorone were sharper than those obtained with 
o-dianisidine whose change from red-violet to violet was difficult to determine. The 
authors also discussed the effects of acid strength and time on the colour change of 
indicators. Milazzo!® used the hydroquinone titration after a carrier precipitation 
with copper or lead by hydrogen sulphide or sodium sulphide. The combined sul- 
phides were roasted and the copper selectively removed by sulphuric acid. The gold 
was dissolved in aqua regia and the solution was evaporated with hydrochloric acid 
to remove oxides of nitrogen. Potassium hydrogen fluoride was added and the gold 
was titrated with hydroquinone in the presence of o-dianisidine. Iridium interfered, 


I 
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and under certain conditions the colours of platinum and rhodium salts interfered 
with the detection of the end-point. The author’s claim of superiority over existing 
methods is not justified. In the present author’s opinion the collective precipitation 
with copper and its subsequent selective dissolution invites greater error than the 
co-precipitation method with tellurium, proposed by Pollard**. Concerning the 


question of interfering elements, the author has too readily predicted a priori the 


degree of interference from published oxidation-reduction potentials.'®' In any case 
the description of the experimental results on interferences indicates an inadequate 
approach. 

Various potentiometric titrations have been proposed. Ryabchikov and Knyaz- 
heva'™ used a gold wire electrode, in a slightly acid solution of gold freed from nitric 
acid by evaporation with hydrochloric acid, and titrated the hot solution with hydro- 
quinone or Mohr’s salt in a current of carbon dioxide. Of the platinum group only 
iridium interfered. Czaplinski and Trokowicz'® used platinum and calomel electrodes 
with a similarly treated gold solution, and titrated at a pH of 2-5 with a 0-01 N hydro- 
quinone solution. The potential change at 50°, at the equivalence point, after adding 
one drop of the titrant, was above 100 mV. Copper and platinum did not interfere. 
Reishakhrit and Sukhobokova' used a rotating platinum electrodeand 2N sulphuric 
acid as an auxiliary electrolyte. The hydroquinone titration was carried out at 60° at 
a potential of 1 volt in relation to a standard calomel electrode. Palladium did not 
interfere. 

Ascorbic acid has proved to be a useful titrant for gold. Stathis and Gatos! used 
an excess of the standard reagent, and a gold solution containing hydrochloric acid 
but free of oxidising constituents, and titrated the excess with iodine solution. The 
results were excellent, and copper did not interfere. No references were made to other 
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interferences. Erdey and Rady'®® developed a potentiometric method with ascorbic 


~ 


solution was maintained at 50°, the acidity at pH 1-6-3, 


acid as the titrant. The gold” 
and the chloride concentration at a maximum of 0-1N. The end-point was readily 
discernible, and the accuracy of the method was about | with 0-O1N solutions. 


There was no interference from mercury’’. copper’ 


l 


1\ ‘ 
Platinum’: caused 
high results. Both ascorbic acid methods are recommended. 

Hydrazine sulphate has also been used for the potentiometric determination of < 


08 


little as 0-1 mg of gold in 0-01-0-001M hydrochloric acid.'°’ Franceschi'®® usec 
potassium oxalate to precipitate gold and back-titrated the excess with potassium 
permanganate. 

Reduction by metal salts: The very early titrimetric methods included reduction 
of gold"! salts to gold by standard iron” salts, and back-titrations with potassium 
permanganate. Thus in 1878, Juptner'’®® determined gold in alloys after dissolution in 
aqua regia and boiling to remove oxidising gases. 

In 1913, French" discussed the new titrimetric methods recently introduced into 
Mints. One procedure involved the determination of gold by reduction with Mohr’s 
salt in sulphuric acid solution, and titration of the excess with potassium permangan- 
ate. Tsobar' used the method for gold alloys containing copper. The hydrochloric 
acid solution, free of oxides of nitrogen, was neutralised with sodium hydrogen 
carbonate to the formation of an amorphous precipitate. It was then slightly acidified 
with sulphuric acid and titrated with potassium permanganate. The method remains 


one of the most acceptable for the titrimetric determination of gold, and appropriate 
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1 textbooks.7§ Iron’! reduction has also been used, 
ntiometrically. Moller and Weisbrod!!*"!* have 

‘ic acid and a nitric acid medium. To 
id***, chlorine was added, in which case only the 
to the reduction of the gold salt. In the presence of 
was less abrupt, but the addition of alcohol and 
‘ment. Platinum and palladium interfered 

ic determination of 

advantage of relative instability 


ydrochloric acid solution and potassiun 
Zintl™® also pi ded a potentiometric 


it gold, bivalent copper and univalent 


Y 
i 
gold was dissolved in 2—5°% hydro- 


Gold salts alone produced 


1 
xy metallic 


potentiometric titrations. Del Fresno 
utions above 50 

ride, whose stability was acceptable if ait 

sure complete conversion to AuCl,~, which 
ns containing both platinum‘’ and gold’ 

coulometric titration of gold, in which the 

a supporting electrolyte of 0-04M coppel - 

n, with a generator cathode of pure gold 

tal in an anolyte of cadmium chloride in 

a current of nitrogen, and the equivalence- 

rold-saturated calomel electrodes. Gold 

to gold. There was some evidence that 

of 0:02M did not interfere. Thus it would seem that the 


1 


> evaporated the gold solutions with hydrochloric acid. Samples 


0 


‘1 to 100 mg were titrated with an average error of --0-3%. It 

ere exists the possibility of titrating 100 micrograms of gold within 

amount of platinum, more than half that of the gold, 

small amounts were without effect. Large amounts of 

ercury and lead did not interfere. The author’s statement that “‘since 

rfere, the titration is applicable to the lead-gold alloy obtained by 

ds, provided platinum group metals are not present”’ is unacceptable 

he fact that almost any classical method for a metal can be made appli- 

1e associated metals, the author’s claim makes no recognition 

at the dissolution and preparation for the proposed coulometric titration 

ead button containing a milligram or so of gold would be no simple pro- 

Furthermore, if the lead is removed by cupellation, it is unlikely that an 

experienced chemist would choose lengthy procedures when simple weighing is 

sufficient. The proposed coulometric method can be useful for specific purposes, but 
it is not recommended for general use. 

With the exception of iron'! none of the transition metals’ salts is recommended 

as titrants; most of them lack stability in air and all of them involve amperometric or 
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potentiometric techniques. This objection applies also to the tin’! reduction. Muller 
j 


and co-workers!*,!* have used this method for gold and platinum, in an atmosphere 


of nitrogen. When both of these metals are present the one end-point represents 


complete precipitation of both metals. Tin“ chloride was also used by Hirano!*4 as a 


titrant, with the end-point indicated photometrically. A clear break in the developing 
1 
i 


purple colour appeared, provided that the acidity of the solution was kept below 


0-05N and excess chlorine was present. There was no interference from small amounts 
of copper, lead and iron. Because so many simpler methods are available this techni- 
que has little to recommend it. An interesting coulometric method involving electro- 

’ ul 


generated tin** was described by Baird and Lingane.’*° The optimum supporting 


electrolyte was 3-4M sodium bromide, 0-3N hydrochloric acid and 0:2M tin’ 
chloride. A gold generator cathode was used. The solution was de-aerated with 
nitrogen. The reduction proceeded from AuBr,° gold. The end-point could be 
observed amperometrically through the use of two small, identical, gold electrodes 


maintained at 100 to 200 mV. 1e titration could also be followed spectrophoto- 


ta wavelength of 400 m, In contrast to the amperometric and potentio- 


he spectrophotometric procedure indicated only the reduction to 


, — 
vo methods, and 0-5 


. 1 . a . ‘ 
23 mg of gold, the average error was 


the average error was about 2 iterference from other 


A unique titrimetric method for the determination | gold involves a 
titration with standard potassium cyanide. Wagner'*® used an adaptation of the 
if letermination of gold in cyanide solution. The latter was evaporated 


] 1 { 1c whicl fter lirt y , 
lphuric acid to produce metallic gold, which, after dissolution in aqua 
Standard potassium cyanide was added, and the 
1 { ] 1 > 
gold precipitate was titrat with silver 
r. For the direct determination of gold 
L >» ~} | ve 
methods. | eCnnyculcCK and 


> > ] , ¥ ‘ 1 > 7 ! 
anide solution. At a pl boy , 8 moles of 


1 y 4 - 
with 2 formula weights of gold. 
\ direct determination of gold by titration with 0-1. N sodium arsenite was developed 
and Viczian.'!*8 The chloride solution was treated with sodium bromide, 


uBr, ion was titrated at 90° in the presence vhich prevented 


metallic gold 1e arsenite reduced the red auric b1 ide to colourless 
The method suffers from a large variety of metal interferences, and the 
end-point is not obtained without some difficulty. Better me ds are available. 
In the author’s opinion this statement also applies to certain of the titrimetric methods 


proposed by Lenher.*' These procedures require the reduction by a standard sulphur 


. . I 
dioxide solution of gold‘™ chlorid 


le containing magnesium chloride and potassium 
bromide, or magnesium chloride alone, or sodium chloride. The author quotes very 
acceptable results, but in this case there is the problem not only of interferences and 
uncertain end-points, but also of the instability of the reducing reagent. It is interesting 
to note that whereas the titration results in a reduction to univalent gold, the reagent 
sulphur dioxide is used satisfactorily as a precipitant for gold. As far as the 
present author knows, little has been recorded concerning the interference of alkali 
metal and alkaline earth salts with the precipitation of gold by sulphur dioxide. 
Methods for gold have been included in the large number of heterometric titrations 
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Bobtelsky'** and associates. To determine gold alone, the method 
involves the titration with nitron of a solution containing about | mg 
ium thiocyanate and either dilute or concentrated ammonia. With the 

>compound AuN appeared, and with the latter the yellow Au,N, was 
‘dures were provided for determining gold in mixtures of palladium 


itration required 5-10 minutes and the error was between 0 and 


Lit 


ion quoted contains informative material, potentially useful in both 
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ahlreiche Proben zu analy- 

§ m Nutzen sein kOnnen 

de, Gold aus cyanidhaltiger Losung zu fallen, 
reffend d \domet Methode der Gold- 
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THE ANALYSIS OF BERYLLIUM AND 
BERYLLIUM OXIDE—V* 


THE DETERMINATION OF CADMIUM 


J. O. Hippits 
rcraft Nuclear Propulsion Department, Cincinnati 15, Ohio, U.S.A. 


SILVE KALLMANN, H. OBERTHIN and J. OBERTHIN 
npany, 359 Alfred Avenue, Teaneck, New Jersey, U.S.A 


100 epted 26 Septe mber 1960) 
Summary method is described for the determination of cadmium in beryllium or beryllium oxide. 
Cadmium is pt! ditated with benzotriazole using nickel as a carrier. A further separation from other 
through Dowex-1 anion-exchange resin. The cadmium 
method is accurate to +.5% or 0-4 ug of cadmium, whichever 


by the presence of 10-mg amounts of 68 elements 


INTRODUCTION 
\ METHOD for the determination of cadmium in beryllium or beryllium oxide is presented 
which is specific within the limits investigated. No interference is caused by at least 
10-mg amounts of 68 elements. The presence of greater than 100 mug of zinc neces- 
nor modification of the method. The presence of zinc in greatly interfering 


amounts can be recognised by the red colour of the aqueous phase during the 


v 


dithizone-chloroform extraction 


rhe method is based on the precipitation of cadmium from an ammoniacal 
tion with benzotriazole, using nickel as a collector. A 10° hydrochloric 
acid solution containing cadmium and other elements precipitated with benzotriazole 
cobalt and nickel) is passed through a column containing Dowex-] 
e resin. Cadmium and zinc are retained by the resin and are subse- 
1 with 3M nitric acid. Cadmium is then extracted from a strongly 
medium with a chloroform solution of dithizone.2, The absorbance of this 
at 518 mw is a linear function of the cadmium concentration, at 
0-05 and 1-0 wg of cadmium per ml. The colour is stable in diffuse light 
at least 24 hours. 


EXPERIMENTAI 


le Wit -, 2- and 5-cm cells 


| cm I.D., 12 cm long, containing 8 cm of Dowex-1, 200-400 mesh, 8% 


vas used throughout 


1 solution: Dissolve 100 mg of pure cadmium metal in 1 ml of nitric acid. Add 1 
acid and evaporate to near dryness. Cool and dilute to 1 litre. Dilute this solution to 


on containing | sg of cadmium per ml. 


Talanta, 1960, 5, 250 
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Nickel solution: Dissolve sufficient nickel chloride, nitrate, or sulphate to obtain a solution con- 
taining 5 mg of nickel per ml. 

Nitric acid, 16M and 3M 

Citric acid, 50°% (w/v) 

Sulphuric acid, 18M. 

Benzotriazole, 2 (w/v) aqueous solution: Prepare fresh solution by 
weighed amount of the solid material. 

{mmonium hydroxide, 12M 

Pe re hlori¢ a id, 70° 

Hydrochloric ac id, 12 M < nd 1-2M 

Tartaric ac id, 2 (w/v) 

Hydroxylamine hydrochloride, 

Sodium hydroxide, 40°. (w/v), containing 0-05 Vv) potassium cyanide 

Dithizone solution, 10-15 mg in 1 litre of chloroform: Purify the dithizone solution in the usual 
manner,* and adjust the dithizone concentration by appropriate dilution of the purified material, 
using the reported molar absorptivity, 41,500 at 605 m 
Procedure 

Transfer a sample containing approximately 10 ug of cadmium to a 600-ml beaker. Dissolve 
beryllium oxide in hot 6M sulphuric acid (20 ml per g of oxide). Dissolve beryllium metal by suspending 
the sample in water and gradually adding hydrochloric acid (10 ml per g of ta When the reaction 
ceases, add a few drops of 30% hy drogen peroxide if necessary, to dissolve any remaining particles of 
unoxidised metal. Heat to destroy the excess peroxide 

If the sample was dissolved in 6M sulphuric acid, add 10 ml of hydrochloric acid. If the sample was 
dissolved in hydrochloric acid, add 20 ml of 6M sulphuric acid. Dilute to about 150 ml with water, add 
5 ml of the nickel solution and sufficient 50°%% citric acid to complex the beryllium (25 ml per g of 
beryllium), and adjust the pH to 8-25 0-1 with ammonium hydroxide. Dilute to about 300 ml with 
water. Add 25 ml of 2° benzotriazole solution and digest on a steam bath for 2 hr. Allow the pre- 
cipitate to stand overnight at room temperature. Add filter pulp, filter through Whatman-40 filter 
paper, and was! ; 


pH 8-25 


1 with a minimum amount of a 1°4 ammonium citrate solution previously adjusted to 


Transfer the paper to the original beaker, add 25 ml each of nitric acid and perchloric acid, 
evaporate to fumes of perchloric acid and finally to dryness 
Dissolve the salts in 100 ml of 1-2M hydrochloric acid, warming if necessary, and cool to room 


temperature. Pass this solution through the anion-exchange resin (which hi reviously been washed 


with 100 ml of 3M nitric acid, then 100 ml of water, and finally, converted to the chloride form with 


100 ml of 1-2M hydrochloric acid) and wash the resin with about 10 column volumes (about 200 ml) of 
the same acid, discarding the eluate 
Elute the cadmium by passing 125 ml of 3M nitric acid through the column. Add to the eluate 1 ml 
of sulphuric acid and evaporate to dryness. Dissolve the salts in water. 
Transfer the solution, or an aliquot containing a maximum of 10 ue « 
atory funnel. Add in the following order, swirling after each addition, 25 ml of tartaric acid, 
ine hydrochloride, 5 ml of sodium hydroxide —0-05 % potassium cyanide 
solution and 20 ml of dithizone solution. Shake for 1 min, insert a little cotton in the stem of the 
funnel and filter the chloroform layer into a 1-, 2- or 5-cm cell. Measure the absorbance of the pink 


extract at 518 mu, using chloroform as a reference. Determine the cadmium concentration by refer- 


1o 
iS 


ence to a standard curve obtained by carrying known amounts of cadmium through the dithizone 


extraction procedure. A blank and at least one standard should be carried through the entire procedure. 


Precipitation of nickel with benzotriazole and collection of cadmium 


Precipitation of copper with benzotriazole is carried out at a pH of 7:0-8-5.2 Iron", silver, nickel, 
cadmium, zinc and cobalt ions give similar precipitates, but the optimum pH for precipitation is not 
given. In our investigation we attempted to ascertain the optimum pH for quantitative recovery of 
cadmium as the benzotriazole compound by co-precipitation with nickel. Table I indicates that 
cadmium is quantitatively recovered at a pH of 8-0-8-5. 

The experiments described in Table I were an attempt to determine the optimum pH for precipi- 
tation under several conditions. The effect of beryllium oxide, sulphuric acid, and citric acid was 
investigated at several pH values. 


+ 





HIBBITS, 


recovery of cadmium 
to slightly low results. 


im, which forms 


8.99 
102 
99 
100.98 
105 
99.97 


100,100 


Rh, Rb, 


elV, Si, Na, Sr, 
100 Lg ¢ 


The interference 


ites cadmium from 
nt. 


Iver should be 


> step prov ides a 


solution containing only 


step is omitted and chloride solutions of the sample 
he above listed elements are passed directly through the anion-exchange columns, 
the stated accuracy limits with the following limitations 
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(1) Thallium is adsorbed by the resin in a chloride medium and will 


nal remedial! 


final cadmium determination unless additio 


2) Mercury is also adsorbed by the re 


steps are taken 
( 
Iphuric acid solution to dryness 
(3) Platinum, palladium, iridium 
the column when tl 
purposes 
‘ 


(4) Gold 


APPLICATION OI 


beryllium oxide analysed 
ppm of ci 


\ 
OW 


100-0 
100-0 


I] 1 1 for t > | in r 
lls used. 1l-cm cells used for other determinations. 


Blank values corresponding to 0-02 ug of cadmium were obtained with the amounts 
of reagents used during the analysis. 


Results obtained when the method was applied to New Brunswick Laboratory 
standard samples of beryllium oxide are shown in Table III. 
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TABLE III. ANALYsis OF NBL STANDARDS 


Cd found, 
. Nominal Value 


Sample 


ium und Berylliumoxyd 


\ il 

lium mit Benzotriazol gefallt 

lurch einen Anionenaustauscher (Dowex-1) 
gerosser ist. Keine St6rungen werder 


anderen Elementen 


ju cadmium dans le llium ou l’oxyde de 


ymme entraineur 
ution de chlorure sur 


est dosé finalement par la dithizone. L: 


m. La presence de 65 eiements e! 


ostrand Co., 
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TETRACYANOETHYLENE CHEMISTRY 


INDIRECT PHOTOMETRIC DETERMINATION OF ANTHRACENE 
IN NAPHTHALENE 


GEORGE H. SCHENK® and MARA OZOLINS 
Department of C€ hemistry, Wayne State University, Detroit 2, Michigan, U.S.A. 


(Received 5 {ucust 1960 {ccepted 10 November! 1960) 


Summary—Anthracene can be determined in naphthalene indirectly by measuring the destruction of 


(TCNE) complex after anthracene and TCNE have 


the colour of a naphthalene-tetracyanoethylene 
reacted via the Diels-Alder reaction. A trace analysis method of indirect spectrophotometry can be 
used to extend the determination to as low as 0:01 (5 LO M/) of anthracene in the final solution 
in a ten thousand-fold excess of nar alene. Pentamethylbenzene can be used instead of naphthalene 


but it is a less desirable reagent a : sidie interferences have been studied 


INTRODUCTION 
UNTIL recently there were available few simple colorimetric methods for detection 
or determination of anthracene or other aromatic hydrocarbons. Novel methods 
have been developed for the detection of anthracene and other hydrocarbons using 


piperonal chloride and benzal chloride,’* isatin,® and 3-nitro-4-dimethylaminobenzal- 
| 


dehyde. 
In addition, ultraviolet spectrophotometry following cl 


on alumina’ has been applied to the determination of anthracene and other poly- 


iromatographic separation 


nuclear aromatic hydrocarbons. Anthracene has also been determined fluorimetri- 
cally.® 

Apparently no colorimetric methods have utilised the Diels-Alder reaction of 
anthracene. Extensive studies of tetracyanoethylene (TCNE) and its coloured com- 
plexes with aromatic hydrocarbons’ suggested a simple indirect colorimetric method 
for anthracene. Advantage was taken of the rapid and quantitative Diels-Alder 
reaction of TCNE with anthracene at room temperature® in contrast to maleic 
anhydride which reacts rapidly at reflux temperature with anthracene,’ but only 
slowly at room temperature.’ 

The pertinent data on the coloured z-complexes of TCNE, as summarised in Table 
I, suggested a colorimetric measurement of anthracene based on the destruction of the 


colour of a complex of TCNE and excess naphthalene: 


C,,H.(TCNE) + CygHy) > CygHe + Cy4Hyp—TCNE 


(red complex) (colourless adduct) 
These coloured complexes have been utilised in paper chromatography." 
Naphthalene was selected to form the coloured complex since it is frequently found 


in large amounts in mixtures of aromatic compounds, is quite soluble in chloroform, 
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1ATIC HYDROCARBONS 


Cyclopenta 


yn of cyclope 
I 


Add a 10- or 25-ml aliquot, containing 0-9 to 
to the 0-75M naphthalene trace analysis reagent; 
at room temperature, measure at 550 mu 
, transmission in the darkness and 100% 
, then read the ®% transmission or absorbance 
rhe last two operations obviously must be 
on a calibration curve covering the 0-5 to 5 10-*M 
inge (see I ig 
10-*M (final solution): Add a 10- or 25-ml aliquot, containing 5-3 to 
1 or alkane solvent, to the 0-05M naphthalene reagent; dilute to 


rene in chloroform 
exactly th chloroform. After 40 min at room temperature, measure at 550 my. Prepare a 


calibration curve for this range as shown in Fig. 1. 
If naphthalene is present in the sample, add only sufficient naphthalene to the reagent to bring 
' 


the final concentrati 


yn to 0-05M. If no interferences are present, mix the sample and TCNE before 


1 1 


adding naphthalene, to reduce the reaction time 
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iracene in the 1-5 to 3-5 


, : 
SHOWS Various C 


Curves 


eene., The adsoroance 


been added to the TCNE. he anth 


t 
ldad- 
Lic 


hea th he aniilihrinm n -nhla 
be that the equilibrium 1s not favourable 


| . 
complexed by a pro- 
i 
. . > + ++ . 4 . | ] , + y | > . | >] 7 > 
ly large concentratio1 naphthalene. the 0-05M naphthalene 
ves a Satisfactory range in procedt 


ter n WwW va! Ix 
eater sensitivity and only 


of using naphtha constant 


1) permits a variation in the concentration of naphthalene, and a con- 

variation in the sensitivity of the method, without retarding the Diels- 

Alder reaction appreciably. A second advantage is, that if a large amount of naph- 
thalene is present with the anthracene, it can be used to form the coloured complex. 


Thus, in general, a large amount of an interfering aromatic hydrocarbon need not be 
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an interference, but it can be used to form the coloured aromatic-TCNE complex for 
the analysis. This method serves as a model system for the determination of other 
Diels—Alder aromatic dienes. 

Unfortunately, at high concentrations of naphthalene, concentrations of anthra- 
cene below 3 10-3M cannot be measured without resorting to the trace analysis 
method described below. Also, the actual molar absorptivity as shown in Table 1 is 
not approached, it being 58 for 005M and 540 for 0-50M naphthalene. 

analytical use of the favourable slope of the calibration curve for 0:75M 
trace analysis Method C!8 is used to extend the analysis to the 10-°M 


10d yields a plot in which absorbance increases with increasing 
* 


anthracene as shown in Fig 





ICNI 


the extremely sensitive 0°75M naphthalene reagent is used to 
sly read section of the absorbance scale. In 
concentration of anthracene would give high 


. 1 2 
accurately read. 
N OF ANTHRACENE 


Anthracene 


None 
None 
23M ben 


23M beni 


188M toluene 


188M toluene 


[Thus, this is the recommended method for determining small amounts of anthra- 
cene. It compares favourably with the sensitivity of the ultraviolet absorption bands 


of anthracene in the 375-mu region. 
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Table II contains results obtained in the determination of anthracene by both 
procedure (a) and procedure (A). 

Using the pentamethylbenzene reagent lowers the range of the analysis to 10-4M 
since pentamethylbenzene forms a complex ten times stronger than naphthalene, as 
shown in Table I. One disadvantage is that the calibration curve fails to follow Beer’s 
Law at concentrations of anthracene approaching the stoichiometric point. In 
addition, the absorbance is not constant until after a reaction time of 2 to 4 hr, asshown 
in Table II]. These factors make it undesirable to increase the concentration of penta- 
methylbenzene to match the sensitivity of the 0-50 to 0-75M naphthalene curves. 


Hence this reagent is not recommended where the naphthalene reagent can be used. 


rABLE III TIME STUDY OF 4 10-*M TCNE-0-1M PENTAMETHYL- 


BENZENE AT VARIOUS ANTHRACENE CONCENTRATIONS 


lransmittance 
Time, 


[he results in Table 1V demonstrate the stability of the naphthalene-TCNEI 
complex after reaction with varying amounts of anthracene. This appears to rule out 
appreciable alkylation of naphthalene at room temperature similar to the alkylation 


of phenanthrene.’ 


ry OF TCNE COMPLEXES 


month 
months 
months 
months* 


months* 


The constant absorbance of such solutions after 5 to 7 months indicates that the 
complex may be prepared in advance and used when desired. The change in absorb- 
ance of one of the solutions from the 5th month to the 7th month may possibly be 
attributed to putting the solutions in the sunlight. It is recommended to store the 


reagents in a cool dark place such as a hood. 
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the TCNE-naphthalene complex. 
alkyl dienes, substituted benzenes, 

nes, alcohols. water, and thiols. 
| that substances with a small stability 
fere and vice vers« hus, large amounts 
Likewise, large amounts of benzene 


In contrast, even 


at the 0-01M 
h apparently 
hr at this level 
such as phenan- 
low yields are 
Complexing 
Ikylation of /-naphthol as well as phenan- 

, as shown in Table 
ince they will reac nthracene. The 
such as cyclopentadiene, can be minimised by 


- to react with the cyclopentadiene, as shown in 


ide reacts only very slowly with anthracene at room tempera- 


ydrazine, and primary and secondary amines react rapidly with 
rogen cyanide. Even a small amount of aniline destroys the red 

ithalene-TCNE complex. Small amounts of pyridine interfere 
n Table V. 
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THE FLAME PHOTOMETRIC DETERMINATION OF TRACES 
OF SODIUM AND POTASSIUM IN THE PRESENCE OF 
OTHER METALS, AND METHODS FOR OVER. 
COMING SOME INTERFERENCES 


R. N. P. FARRow and A. G. Hm® 
British Drug Houses Ltd., B.D.H. Laboratory Chemicals Division, 


Poole, Dorset, England 
960. 1< cepted 28 Septe mbe r 1960) 


Summary tu is been made of the interferences caused by the major metals in the flame 


photon ( rmination of sodium and potassium in inorganic salts using an EEL flame photo- 
fere, enabling a straightforward determination to be made. Methods 
certain other metals include suppression of their flame emissions 


by ion-exchange methods before the determination of sodium 


INTRODUCTION 


etry provides the simplest method for the determination of small 


ium, and the Evans Electroselenium Ltd. (EEL) flame 
However, 
etermination of alkali impurities in inorganic 


netal itself emits radiation which is not completely 


rence has been carried out for the Perkin 
with the EEL instrument has been confined 
ilkali metals,*:4 calcium? and some anions.! 

f a fairly wide range of inorganic salts using 


] 


those metal { 


s which cause interferences, and 


- difficulty, wherever possible. 
XPERIMENTAI 


lame photometer was used for this work. This 
s been described by Collins and Polkinhorne.’ 
he examination of flame photon etric inte rferences 
metals were prepared using chemical separation to remove alkali metals 
present. e methods used are summarised in the Appendix. 

ymeter was zeroed at full sensitivity against an appropriate blank solution 

tities of reagents similar to those used to prepare the metal solution. Each metal 

d in the EEL flame photometer, and the galvanometer deflection was noted 

potassium filters were used in turn. Appreciable galvanometer deflections were 

(see Table I). In some cases, the transmitted emission was so great that the 

diluted in order to obtain a galvanometer deflection falling within the scale. In 

rved deflection was multiplied by the dilution factor. These results were checked 

purification procedure and hence it was assumed that the deflections produced 
; from the major metal and not to traces of alkali metals. 
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TABLE I.—GALVANOMETER DEFLECTIONS FOR INTERFERING METALS 





Method of purification jalvanometer deflection 


Metal 
. (see Appendix) 
Sodium filter Potassium filter 


(a) 71 1200 
(b) 82 1200 


Known to interfere; not examined 
64 
64 


18 
O06 
106 
Known to interfere; not examined 


38 


All other metals examined gave no significant deflection, and it should therefore be possible to 
determine sodium and potassium in solutions of these metals by a direct method. To prove this 


conclusively the recovery of known additions of sodium and potassium from aqueous solutions of 
1 


commercial salts of these metals was determined. The results obtained are given in Table II. 


LV 


Throughout this work the addition method of estimating the results was used [his method is 


simple and is less likely to be affected by interfering elements than other methods, but it is not strictly 


accurate for sodium as the galvanometer response/concentration curve for this element is not quite 


linear. The results obtained, however, 


are sufficiently accurate for normal routine purposes. The 


I 


Except for tungsten, for which erratic results were observed, satisfactory recoveries of sodium and 


results throughout this paper are reported to the nearest 5 ppm. 


potassium were obtained, especially when it 


is considered that the percentage recovery was often 
calculated with reference to high blank values. 


It was concluded that sodium and potassium may be directly determined as impurities in solutions 
of the following metals: aluminium, beryllium, bismuth, cadmium, lead, magnesium, molybdenum, 
tin, silver, and zinc. Furthermore, it was established that these metals do not affect the approximate 
linearity of the galvanometer response/concentration curve for sodium and potassium. 

Sodium and potassium cannot be directly determined in the presence of those elements which 
produce interfering flame emissions unless the blank solution contains an equivalent amount of the 
pure metal. This procedure would not be very satisfactory since, in most cases, it would not be 
possible to zero the instrument, and this would result in a considerable loss in the working area of the 
galvanometer scale. 


The suppression of interferences with aluminium nitrate 
Aluminium nitrate suppresses the flame emissions of calcium’~* and strontium.’:*®!° This has 


been used to prevent interference from strontium" and calcium®:” in the determination of sodium. 
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AND POTASSIUM BY DIRECT FLAME PHOTOMETRY 


Potassium 


Recovery . 





aluminium nitrate on the flame emission of calcium. 
Na filter 
@ K filter 
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ere added to the barium and cerium solutions, and 
ill sensitivity, after the instrument had been zeroed in 
lar concentration of aluminium nitrate. The 

2 and 3. 
rium which normally passes through the sodium 


ippressed by a thirty-fold weight of aluminium nitrate 


1 nitrate also successfully suppressed the barium flame emission 
The results obtained for barium and the potassium filter were 
made, using | barium solutions prepared directly from 


im chloride followed by single and double precipitations with 


rate and the potassium filter a galyanometer 
each case. It was concluded that it is not possible to 


im flame emission which passes through the potassium filter, 


otassium from ammonium cerium’* nitrate 


lution of ammonium cerium’* nitrate to which known additions of sodium and 


sible to obtain good recoveries after the addition of 


The results are shown in Table IV. 


nitrate on the flame emissions of certain other metals 


Aluminium nitrate was found to be ineffective in the suppression of unwanted radiation in the case 
of the chromium, manganese, iron, uranium, nickel, cobalt, and copper. 
The removal of some interfering metal ions by ion-exchange methods 

lon-exchange techniques are now widely used for removing interfering ions in various analytical 
methods and it 
interfering ions before the flame photometric determination of sodium and potassium. 


seemed likely that some of these techniques could be used for the removal of 


Copper was not investigated as it can be readily removed by electrolysis. 
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TABLE [V.—RECOVERY OF SODIUM AND POTASSIUM FROM AMMONIUM 
CERIUM!’ NITRATE 





Sodium Potassium 


Added, Found, Recovery, Added, Found, Recovery, 


ppm ppm ppm ppm 


0 140 
0 150 
150 


110 
110 


: et VII . : 
Chromium‘! and Manganese Preliminary tests showed that 0-5 g of chromium, as potassium 
dichromate, was readily absorbed on a 1- x 20-cm column of Amberlite [RA-400(Cl) resin 
On this basis, the following procedure was tried: 


\ I- 20-cm column of Amberlite IRA-400(Cl) was prepared and washed well with water. The 


sample solution, containing 0-5 g of the chromium'* and known additions of sodium and potassium 


dissolved in about 10 ml of water, was allowed to pass down the columnat the rate of about 1 drop/sec. 
One hundred ml of water were then passed down the column at about 2 drops/sec. The combined 
eluate was reduced to a volume of 50 ml by evaporation and dilution to volume in a graduated flask, 
and sodium and potassium were determined in the usual way. 

\ similar procedure was used for manganese’ 1 in the form of potassium permanganate, with the 
exception that the sample was dissolved in 25 ml of water, instead of in 10 ml, and the solution was 
passed through the column at a rate of 2 drops/sec. 

The recoveries of sodium and potassium obtained are shown in Table V. The apparent sodium 


and potassium contents found without separation are also listed. 


TABLE V RECOVERIES OF SODIUM AND POTASSIUM FROM POTASSIUM PERMANGANATE, POTASSIUM 
DICHROMATE AND CHROMIUM TRIOXIDE, USING AN IRA-400 (Cl) COLUMN FOR REMOVAL 


OF THE INTERFERING ION 


Proposed Method Without Separation 


Sodium Potassium Sodium | Potassium 
Compound 
Added, i ound, Recoy ery, Added, I ound, Recovery A I ound, I ound, 


ppm ppm ppm 


ppm ppm /{ ppm 

Potassium 0 . 210 
permanganate 200 
(4 samples) 0 
200 
0 
200 
0 
200 

Potassium 1100 

dichromate 


0 
200 
0 
200 


Chromium 
trioxide 
(2 samples) 
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. Vy 
1 and chromium™ and 


showed that this technique effectively removed manganese’ 
s of sodium and potassium were obtained. 
In sulphuric acid solution, uranium forms a complex anion, [UO,(SO,)n]?~*", which may 
quaternary anion-exchange resins and this fact has been widely used as a technique 
14—18 
of Amberlite IRA-400 in the sulphate form was prepared and it was found that 
e uranium was complete from solutions 0-1N with respect to sulphuric acid. 
, containing about 0-5 g of uranium and known additions of sodium and potassium, 
10 ml of 0-1N sulphuric acid and the solution was passed down a 1 30-cm column 
IRA-400(SO,). The column was allowed to run at a rate of 1 drop/sec. The column was 
100 ml of 0-1N sulphuric acid, and the combined eluate was reduced to a volume of 50 ml 


nd adjustment 


Ona 


way. The compounds used were AnalaR uranyl nitrate and AnalaR uranyl acetate, and 
I : ; 


I tment in a graduated flask. The sodium and potassium were then determined 


ybtained are given in Table VI. 


TABLE VI \VERIES OF SODIUM AND POTASSIUM FROM URANIUM SALTS, USING AN IRA-400(SO,) 


COLUMN FOR REMOVAL OF THE URANIUM 


Sodium Potassium 


Added, Found, Recovery, Added, Found, Recovery, 


ppm ppm ppm 


0 
200 


0 
105 200 


wed that the uranium had been effectively removed from the solution, and good 
and potassium were obtained. 

A halt, Chromium and Iron. Samuelson et al.!*:?° have developed a method 

metals from many other metals when both constituents are present in approxi- 

ts. They passed the solution down a column of a strong anion-exchange resin 


EDTA-form. The interfering metal was held by the resin as its EDTA complex 


metals passed through in the eluate. 
\is technique to the separation of traces of alkali metal impurities from 
lv 1] el 1S 
e IR 
resin to the EDTA form by successive treatments with sodium acetate and disodium 


\-400(Cl) was used, this being an equivalent of Dowex 2. Samuelson ef al.?® 


hy 


For this work, ammonium salts were used to avoid contaminating the 


t 


as prepared as follows 
lite [RA-400(Cl) was tipped intoa 1-cm diameter glass column toa height of about 
nl Vv ammonium acetate solution was passed through the column at 


The column was then washed with 100 ml of water. 


op/sec 
nediaminetetra-acetic acid was suspended in 100 ml of water and ammonium 
(sp. gr. 0-880) was added until the free acid had dissolved. The filtered solution 

percolate through the column at a rate of 1 drop/sec. Finally the column was washed 

water 

jure was also found to be suitable for the regeneration of a column loaded with nickel, 


WLCUL 
anganese. Chromium was tenaciously held by the column and 600 ml of 10% w/v 
ammonium acetate solution was necessary to remove it. Iron" was best removed by ammonium 
it which had been half-saturated with sulphur dioxide. 


acetate iution V 
Procedure. The sample containing about 0:25 g of the interfering element, was dissolved in 10 ml 


of water and the solution was transferred to the column, which was allowed to run at a rate of 
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1 drop/sec. The column was washed with 100 ml of water, and the combined eluate was adjusted to 
25 ml by evaporation and dilution in a graduated flask. The sodium and potassium were determined 
by the addition technique in the usual way. 

Analyses were carried out on samples to which known quantities of sodium and potassium had 
been added. The recoveries obtained are given in Table VII. 

rhe results were satisfactory, considering the large blank values which had to be taken into account. 
Erratic results were obtained for iron™ 
into the eluate. Incomplete absorption was also obtained with chromium. 


salts. In several cases, considerable quantities of iron passed 


TABLE VII [THE RECOVERY OF SODIUM AND POTASSIUM FROM SALTS OF NICK! > MANGANESE! AND 


COBALT BY THE PROPOSED METHOD 


Sodium Potassium 


Compound 


Added, Found, Recovery, Added, Found, Recovery, 


npn npr npn npn 
ppm ppm Hl PI 


Nickel chloride 


Manganese” 


sulphate 


Manganese 


acetate 


Cobalt chloride 410 
630 


Cobalt nitrate 2700 
2900 


ANALYTICAL PROCEDURES FOR THE DETERMINATION 
OF TRACES OF SODIUM AND POTASSIUM IN THI 
PRESENCE OF OTHER METALS 


(a) Simple method in the presence of aluminium, beryllium, bismuth, cadmium, lead, magnesium, 
molybdenum, tin, silver, and zinc 
Reagents 


Standard sodium and potassium solutions [see (5)]. 


Procedure 

Dissolve a suitable quantity (usually 0-5-1-0 g) of the sample in water or the minimum amount of 
dilute acid and dilute to 100 ml. To 50 ml of the solution, add 0-5 ml of standard sodium solution 
(i ml 100 wg of Na) and 0-5 ml of standard potassium solution (1 ml 200 ug of K). Retain the 
remaining 50 ml of solution. Run each half of the solution through the EEL flame photometer in 
turn, employing the appropriate filter, and note the galvanometer deflections. If the galvanometer 
deflection is off the scale repeat the determination with a smaller quantity of the sample. 


Calculate the sodium and potassium contents in the following way: 


Concentration of sodium/potassium (ppm) 


where a galvanometer deflection due to sample, 
galvanometer deflection due to sample and standard, 
concentration of sample (g/100 ml), 


concentration of standard (g/ml). 
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(b) Method in the presence of calcium, strontium and cerium 


solution: Dissolve 50 ¢ of aluminium nitrate, Al(NO,)3.9H,O, in water and 
ater. Filter if necessary 
ution: Dissolve 0:254 g of dry sodium chloride in water and dilute to 1 litre 


Dissolve 0-382 g of dry potassium chloride in water and dilute to 


the sample in water or in the minimum amount of 


rate solution in the ratio of 5 ml for every 0:1 g of 


n the ratio of 6 ml for every 0-1 g of cerium present 


aluminium nitrate and dilute the sample 
(a), zeroing the flame photometer against the blank 


200 ml of water 
/ 


acid in 100 ml of water. 


solution is obtained 


| . 
a i-cm 


LOWINg 


rate, 


il, in 10 ml of water 
ate to low volume 
olumn at a rate ol 


id dilute to 100 ml 


rlite IRA-400(Cl). Wash with water until the eluate is free of 


ning not more than 0-5 g of chromium’ or 
mum quantity of water, and transfer the solution to the column 
v7 


VI 
at about 1 drop/sec fi and 2 drops/sec for manganese’™, adding 


p the column wet. Wash with 100 ml of water at 2 drops/sec for chromium"! 


nese Reject the used resin. Adjust the eluate to 100 ml by evaporation 


raduated flask. Continue as in (a) 


} . ry 0? 
(e) Method in the presence of “uranium 


acid: Dilute 136 ml of sulphuric acid to 1 litre 
acid: Dilute 20 ml of 5N sulphuric acid to 1 litre. 
carbonate: Dissolve 200 g of ammonium carbonate in a mixture of water 
im hydroxide. Dilute to 1 litre. 


IRA-400(C/); Use the analytical-grade resin. 
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Standard sodium solution: as in (b). 
Standard potassium solution: as in (6). 
Preparation andregenerationof the resin: Prepareaslurry of Amberlite [RA-400(Cl) and pour this into 


a glass column of internal diameter 1 cm until a height of about 30 cm is reached. Convert the resin 


1 


to the sulphate form by running 100 ml of 5N sulphuric acid through it at about 1 drop/sec. Wash 


the column with water until the eluate is free of chloride 

The resin should be regenerated immediately after use as uranium is slowly reduced on the resin. 
Place the resin in a beaker and stir with 50-ml portions of SV ammonium carbonate until the super- 
natant liquid is no longer coloured. Stir with two 50-ml px ns of 5N sulphuric acid. Return the 


resin to the column and was 


>» ] 
Procedure 


nple, containing not more tha ) g of uranium, i nl of 0-1N sulphuric acid, 


Dissolve the sa 


| 


h with 100 ml 


of 0-1.N sulphuric acid iu he volume of the eluate to 100 ml by evaporation and dilution ina 


and transfer the solution to the co n. Run the column at about 1 drop/sec and was 


. 1.1 : 
eraduated flask. Cont 


Meta 


Calcium Known to interfere; not examined 
Cerium Ammonium cerium’ nitrate dissolved in water, and 
‘rium precipitated with ammonium hydroxide; cerium’ 
roxide filtered, dissolved in 5N hydrochloric acid. 
Chromium (a) Ammonium dichromate dissolved in water; passed 
through Amberlite IRA-400(Cl) column; column 
washed with water and chromium eluted with 


5N hydrochloric acid, saturated with sulphur dioxide 
III 


(b) Chromium” chloride dissolved in water and 
chromium precipitated with excess ammonium 
hydroxide; chromium” hydroxide dissolved in 


5N hydrochloric acid. 





FARROW and A. G. 





Approximate 
Procedure PI 
concentration 


(a) Cobalt chloride dissolved in water; cobalt pre- 
pitated with hydrogen sulphide; cobalt sulphide 
in 2: | hydrochloric acid:nitric acid 
issolved in 9M hydrochloric acid 
wn Amberlite IRA-400(Cl) column. 


th 9M hydrochloric acid and cobalt 


Copper foil dissolved in 5N nitric acid. 


) Copper sulphate dissolved in dilute sulphuric acid; 
ising platinum electrodes: 


yh if 


ved from cathode with 5WN nitric 


lved in SA hydrochloric acid 
lved in hydrochloric acid; iron 
her layer 


iron extracted with 0-5N 


- dissolved in water; excess 


ition boiled: manganese 
lved in SN hydrochloric acid 


n _A ] t ~ hud } 
ese dissolved in 5N nydroc 


ssoived in water 
IRA-400(Cl) column; 
SN ammonium hydroxic 


: all | Inhj 
NICKEL SL 


rochloric acid 


: 1 hydrochloric acid: 


dissolved in water; silver precipitated with 
acid: silver chloride filtered and 


5N ammonium hydroxide. Excess not 


oride dissolved in water acidified with hydro- 


acid; tin precipitated with hydrogen sulphide; 


yhide filtered and dissolved in hydrochloric acid. 
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: {pproximate 
Vetal Procedure PI 
concentration 


Tungsten Ammonium tungstate dissolved in water: excess 5N 
hydrochloric acid added and solution boiled; tungstic 
acid filtered and dissolved in SN ammonium hydroxide; 


excess ot eV aporated. 


(a) Uranyl nitrate dissolved in 1 : 10 nitric acid containing 
70°, ammonium nitrate; uranium extracted with diethyl 
ether,** ether layer washed with water and evaporated 
almost to dryness. 

(b) Uranyl acetate dissolved in water, uranium pre- 
cipitated with ammonium hydroxide; ammonium 
di-uranate filtered and dissolved in 5N hydrochloric acid. 
(c) Uranyl acetate dissolved in water; uranium extracted 
with acetyl acetone-carbon tetrachloride mixture at 

pH 7;* uranium extracted with 50 m of water 
containing 10 ml of 5N hydrochloric acid 


Zinc dissolved in 5N nitric acid 


APPENDIX 
Methods used for preparation of alkali-free solutions 
AnalaR chemicals were used wherever possible, and in each case the excess acid used during the 


preparation was removed by evaporation almost to dryness, and the residue was dissolved in water. 
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Zusammenfassung—Die durch das Hauptmetall verursachten St6rungen in der flammphotometrischen 

lium mit einem “EEL”’’-Flammphotometer werden untersucht 
Zahlreiche Metall st6ren nicht. Methoden zur Ausschliessung der § ngen verschiedener anderer 
Metalle werden beschrieben wie z.B. Unterdriickung der Flammemmission durch Zusatz von 


Aluminiumnitrat oder Abtrennung der St6rmetalle mittel 


s lonenaustauscher 


Résumé—Les auteurs ont étudié les interferences dues au métal principal dans le dosage des sels de 
sodium et de potassium par photométrie de flamme, utilisant un photométre de flamme ““EEL’’, De 
nombreux métaux ne génent pas, ce qui permet de faire un dosage direct. Des méthodes pour éliminer 
l’interférence de certains autres métaux nécessitent la suppression de leurs émissions de flamme par 


du nitrate d’aluminium, ou leur séparation par des méthodes d’échange d’ions, avant le dosage du 


sodium et du potassium 
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THE DETERMINATION OF TRACES OF OSMIUM AND 
IRIDIUM IN SAMPLES OF PALLADIUM AND PLATINUM 
BY NEUTRON-ACTIVATION ANALYSIS 


D. F. C. Morris and R. A. KILLICK 


Department of Chemistry, Brunel College of Technology, London, W.3, England 
(Receive d 10 Septe mibe r 1960. Acce pte d 14 Ov tobe r 1960) 


Summary—A method is described for the determination of ultramicro quantities of osmium and 
iridium in samples of palladium and platinum. In order to avoid self-shielding differences between 
samples and standards during neutron irradiation, standards have been prepared by the addition of 
very small known amounts of osmium and iridium to analytical samples. In the analysis of palladium 
samples the Harwell Pile BEPO has been used as the neutron source. To avoid spurious results due 
(n,p) and (n,x) reactions, the Pile DIDO has had to be used for neutron-activation of samples of 


platinum. Each determination requires 0-1 g of sample, and radiochemical separations using carriers 


I 
have been used to isolate the induced osmium and iridium activities. Results are quoted for the 


osmium and iridium contents of some pure palladium and platinum samples 


INTRODUCTION 

ONE of the most complex problems in experimental inorganic chemistry is the 
separation of platinum metals in a high state of purity. This is of considerable 
importance as the electrical and mechanical properties of the metals are markedly 
affected by minute quantities of impurities. Hitherto, spectrographic and spectro- 
photometric methods of analysis have been most extensively employed to determine 
such trace constituents, but in many cases these procedures do not provide sufficient 
sensitivity. 

Neutron-activation analysis permits the determination of many elements in ultra- 
micro quantities, and the application of this method to the determination of traces of 
osmium and iridium in samples of palladium and platinum is reported here. 

Neutron-activation procedures have been used previously for the determination 
of osmium and iridium in various materials. Smales' has reported the determination 
of iridium in a sample of rhodium. The decay curve of the irradiated rhodium showed 
two components, 74-day iridium-192 and 19-0-hour iridium-194, and no radiochemical 
separation was necessary. 

Zvyagintsev and Kulak®* have investigated the determination of iridium and other 
precious metals in refined silver by activation analysis, and Italian workers*® have 
reported semiquantitative methods for iridium in platinum. 

Miller* has studied the neutron-activation analysis of elements of Group VIII 
of the periodic table, and he gives considerable information on nuclear reactions of 
osmium and iridium and the assay of resulting radionuclides. It has been indicated® 
that at the Oak Ridge National Laboratory neutron-activation has been applied to 
the determination of osmium in iron and palladium and to the determination of 
iridium in rhodium chloride and palladium. Analyses showed 10-100 ppm of osmium 
and 4-5 ppm of iridium in samples of palladium. 

Neutron-activation has been used in isotope abundance analysis of osmium.® 
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Naturally occurring osmium consists of seven isotopes, 4Os (per cent abundance 
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8 (16 days) 
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260 (1-4 min) 
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‘Ir with 74-day "Ir. 


procedure involving simultaneous irradiation 


loyed. The thermal neutron absorption cross- 
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15-3 barns 
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8-8 
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NUCLEAR DATA FOR RADIONUCLIDES PRODUCED FROM OSMIUM AND 


IRIDIUM BY (N,7’) REACTIONS. 


Half-life 


Radionuclide Radiations and energies, Me} 
Os 
191IMOs 
191Q)s5 


we | 


EC 0-07 to 0-88 
IT e~ (y) 0-074 

0-143: (with 
14 (40°~), 1-06 (33 
2%), 0°68 (10%): 


93-6 days 
14 hr 
16:0 days 
30-6 hr l 
(I 
iTe 
0-67. 


e "Ir) 0-042, 
), 1-00 (5 
y 0-073 to 0 


) 0-058 (99-9°)- 


0-129 
) 0-86 
460 
“lr 1-42 min 
sy | 74:37 EC 


0-468 (others) 


others (95-5 °%): 
, 0-308 
19-0 hr : ), 

29 to 


0:33, (others 0-2 


days 


1-91 (15%), 0-98 (10%), 
2:05) 


To avoid neutron self-shielding differences between samples and standards, 
therefore, 


standards have been prepared by the admixture of very small known 


quantities of osmium and iridium with analytical samples. 


EXPERIMENTAI 


Irradiation 


Samples of palladium or platinum powder, ca. 0-1 g, were accurately weighed and sealed in silica 


Standards were prepared by the addition of weighed 
ium (80 mg of Os/litre, as (NH,).OsCl, in 3M HCl) 


and iridium (20 mg of Ir/litre, as (NH,).IrCl, in 3M HCl) to 0-1-g samples of platinum and palladium 


irradiation tubes of 6-mm internal diameter. 


portions (ca. 0 05 g) of standard solutions of osm 


in silica irradiation tubes. The liquid was allowed to soak into the metal powder, then carefully 


| 
Wil 


ic re sealed 


ded osmium and 


evaporated to dryness, after h the tubes we 


Samples, together with standards containing ac iridium, were packed with silica 

nergy Research Establish- 
for | 
Samples of platinum 


Pile DIDO 


wool in standard aluminium screw cans and were sent to the 


ment, Harwell, for neutron-irradiation. In the case of samples of palladium, irradiation wa 


week in the Pile BEPO with a thermal neutron fluy ons/cm?/sec 


were irradiated for | in a thermal neutron the 


week 
(see Discussion) 


» ] Lon nv , 
Radiochemical separation 


Following delivery from Har 


radiochemical procedure to obtain 1 necessary 


Carrier chemistry was used in the procedure 
Osmium was separated 


rous OsOy, 


by distillation of 


prec pitation of hyd 


by 
osmium was counted. 


Howin Nadium r 
Follow! it LiadGiuMml OF 


Further 
and NaH¢ O, 


purification « [tl was obtar 


After dissolving the tate in HCland fum dine 


7 + | m h 
precipitated again as t 


and subsequently was | 


if 
I 
l 


metal, in which form the iridium was coun 


Ivor ian , ofa J tion f > 
Preparation al 1 standardisation Oy Carriers 


Osmium: Dissolve a weighed quantity of 


solution containing 5 mg of Os/ml. 


Pipette 5 ml of the carrier solution into a weig yrcelain 


ned pr 


Rose crucible. Pass a stream of hydrogen through the Rose crucible cover, and heat gently 


the solution has evaporated, heat strongly for 30 min, continu 


ing the passage of hydrogen. Cool ir 


crucible plac ye Vitreosil 


When 
1 


ed inside a lars 
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f there are any black particles in the Rose crucible after the 
» inner crucible and included with the residue.) 


»olrCl, in 6M HCI and dilute to 1 litre with 2°, HCl 


1 250-ml beaker and evaporate carefully until the volume is 


VM HNO, and 5 ml of 70% HCIO, and evaporate until fumes of 


water. Filter through a small paper to 
HCIO,. Collect the filtrate 

with 10 ml of 5 Hg(NO )o 

a water-bath. Decant the 

pitate on to the paper, and wash well with 


mMna 
1G 


impregnate it with a few drops 
he residue at 900° for 10 


and treat 


tatively to 


and transfer the 
oughly with hot 
of standard 
ium d stillation 
the second and 
Connections 
the final 


Cool the 


sample 
I 
ion and 


ne contents 


Heat to 60° and net se 1 
1M H.SO, and Na.CO lut vest on a 
tate of hydrous OsO, to settle. Decant off and 
aturated NH,Cl s 


porcelain crucible. Warm ¢ to remove 


| the residue under hydrogen rush it on 
1068). Make sure that the distribution of 
he chemical yield 


} 
{ 


e residual solution from the osmium distillation 


e until all nitrous fumes cease to be evolved 
aBr and boil. Add Hg.Cl, (in the form of a freshly 


tir 


imns yellow-green. Digest for 10 min on a 


No. 41 paper and wash the precipitate with hot 2°, HCl. 
250-ml beaker. 

ith water, boil, and add 10 ml of 10°, NaBrO, solution. 
of bromocre purple with 10% Na,COy, solution. Boil for 10-15 min. 
Add a further 1 | of 1¢ NaBrQ, and adjust to pH 8. Allow the flocculent precipitate of hydrous 

IrO, to sett ransfer it by filtration onto a Whatman No. 41 paper. 
Step 10 he precipitate into a 250-ml beaker with H,O and dissolve it by the addition of 
12M HCI and heating on a hot-plate. Evaporate the solution to small volume. Add 10 ml of 70°% 
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HCIO, and fume for ca. 15 min until the solution turns deep violet-blue in colour. Cool the solution 

Step 11. Add 10 ml of water and 20 ml of pyridine. Place in a separating funnel and add 19M 
NaOH to separate the pyridine layer. Wash the dark blue pyridine phase three times with equal 
volumes of 6M HCl, separating the layers each time with 6M NaOH 

Step 12. Add a few drops of 6M NaOH to the pyridine layer and evaporate off the pyridine 

Step 13.Take up the residue in 12M HCl and transfer to a 250-ml beaker. Evaporate the solution 
to small volume and add 15 ml of 16M HNO, and 5 ml of 70% HCIO,. Boil until slight fumes of 
HCIO, begin to be evolved [Note(d)]. Cool the solution, add 20 ml of water and filter [Note (e)] 
Wash the filter paper with warm 5° HCIO,. Collect the filtrate and washings in a 250-ml beaker and 
dilute to 150 ml with water. Boil with 10 ml of 5%, Hg(NO3). and 5 drops of 10°, NaBrO, for 10 min 
Digest for a further 10 min. Filter through a Whatman No. 44 paper, and wash the precipitate of 
hydrous IrO, thoroughly with hot HO followed by saturated NH,Cl solution 

Step 14. Transfer the paper and precipitate to a porcelain crucible. Char the paper slowly, then 
heat to 900° for 10 min. Reduce and cool the residue under hydrogen and brush it on to a tared 
aluminium counting tray (A.E.R.E. Cat. no. 4-3/1068). Make sure that the distribution of the 


iridium powder on the tray 1 niform. Weigh to establish the chemical yield 


be performed in an efficient fume-cupboard. OsQ, is extremely toxic 
and the third ‘iver is used as a precaution to prevent any possible escape of the compound 
(6) RuQO, is not formed under the experimental conditions and hence does not contaminate the 
osmium distillate (see also Forsyth and Morris!*) 
(c) HNO, must be removed at 
s to remove Cl 


mpul ities 


Part of a composite decay curve of osmium separated from an analysis standard 
a) Composite decay curve 
(b) Osmium-191 activity (observed t4 1 days) 
(c) Osmium-193 activity (observed ti 1 hr). 


Counting of the isolated osmium and iridium 


In the present work the separated samples of osmium were counted under a thin end-window 


Geiger-Miiller counter (EHM 2/S), with conventional associated electronic equipment. All measured 


activities were corrected for paralysis, background, and chemical yield. In order to avoid 
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self-absorption difficulties, the weights of osmium counted from analytical samples and from 


standards were kept closely similar. 
The separated samples of iridium were counted with a Nal(T1) y-scintillation counter type 1186A. 
All measured counting rates were corrected for paralysis, background and chemical yield. 
[he radiochemical purity of separated osmium and iridium samples was confirmed by decay 
nts (e.g. see Fig. 1). In the case of iridium, y-ray spectra were also measured (Fig. 2). 


measureme 





ry 








Ray spectrum of iridium separated Energies in Me\ 


RESULTS 
In Table If are shown results of analyses of pure samples of palladium and 


platinum. No osmium or iridium could be detected in these specimens by emission 


spectrographic analyses. 
DISCUSSION 
Attention must be given to possible errors caused by conflicting nuclear processes. 


On neutron-irradiation platinum may give rise to osmium and iridium radio-isotopes 


by the following nuclear reactions: 
L96Pt(n,x)'Os Pt(n,p)' Ir (v) 


'94Pt(n,x)!Os 194Pt(n,p) Ir 
12Pt(n,p)!*Ir 


190Pt/ n,p) Ir. 


98Pt(n,p) Ir 


6Pt(n,p) lr 
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TABLE II.—OSMIUM AND IRIDIUM CONTENTS OF SAMPLES OF 
PALLADIUM AND PLATINUM DETERMINED BY NEUTRON-ACTIVATION 
ANALYSIS 





Osmium found, | Iridium found, 
Sample 
ppm ppm 
0-08 10-4 
0-08 10-5 
11-1 
11-1 


Palladium, Pd 1 


Platinum, 


Platinum, 


Platinum, 


Platinum, 


Platinum, 


Platinum, a 
0 S59 


0-099 


Platinum, Pt 7 % 
0-09 


These nuclear reactions are liable to occur with fast neutrons, of which there is a 


proportion under the irradiation conditions employed in BEPO and DIDO. 
With a knowledge of relevant cross-sections and pile fluxes, the disintegration rate 


of a given radionuclide formed by a (n,y), (n,p) or (n,«) reaction can be calculated by 


means of the following equation: 
foOWN [" 
—|1 exp. {— 
M a 


0-693t\ | 0-693r 


where 
A. disintegration rate at a time 7 from the end of irradiation, disintegrations/sec, 
f = relevant pile neutron flux, neutrons/cm?/sec, 
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weight of target element, g, 

atomic weight of the element, 

natural abundance of the particular isotope of the element giving rise to the 
active species, 

activation cross-section (cm*) of the isotope for the particular nuclear reaction, 
Avogadro number, 6-023 10%, 


time of irradiation, 
half-life of radioactive product. 


Cross-sections for reactions (i)-(vili) with the pile distribution of neutrons may be 
culated by the method of Hughes,” but since calculated values are only approximate 


was decided to investigate experimentally the interference produced by such 


reactions 

0-1-g Samples of platinum, Pt 1, were analysed using a thermal neutron flux of 
10" neutrons/cm?/sec in BEPO, where the corresponding flux of fast neutrons 
was 1°6 10" neutrons/cm?/sec."4 The following results were obtained for the 
apparent osmium and iridium contents: Os 0-35, 0:34, 0°34, 0:39, 0:37, 0:38 ppm; 
Ir 0-70, 0-73, 0-62, 0-59 ppm. It may be noted that these results are higher than the 
corresponding values shown in Table II where irradiation in DIDO was used. Since 
the fast neutron flux under the irradiation conditions in DIDO was ca. 5 108 
neutrons/cm*/sec, it follows that under the analysis conditions a fast flux of 
L-6 10"! neutrons/cm?/sec may give rise to a spurious Osmium content of ca. 
0-03 ppm and a spurious iridium content of ca. 0-16 ppm. With the irradiation 
conditions employed in DIDO interference due to fast neutron reactions may therefore 
be ignored 

Further nuclear processes which could possibly interfere with the neutron- 
activation analysis of osmium [reactions (ix) and (x)] and iridium [reactions (xi)- 


(xili)] have been shown by calculation’: to be unimportant in the present work: 


!Ir(n,p)'Os (ix) 
™Ir(n,p)'Os (x) 
97 Au(n,x)™ Ir (xi) 
IMOs(n,y)''Os , Mir(n,y) Ir (xii) 


2Os(n,y)'?Os , ir(n,y)™ Ir. (xill) 


lzements—Grateful acknowledgement is made to the Mond Nickel Co. Ltd., for the loan of 
latinum metals, for financial support, and for a Research Fellowship to one of us (R.A.K.). 
[he authors are indebted to Mr. D. N. Slater for y-spectra measurements. 


Zusammenfassung—Eine Methode wird beschrieben, um Ultramikromengen von Osmium und 
Iridium in Proben von Palladium und Platin zu bestimmen. Um Unterschiede in der Selbstabschir- 
mung von Probe und Standard zu vermeiden, wurden kleine Mengen Osmium und Iridium zu den 
analytischen Proben zugesetzt. Zur Bestrahlung der Palladiumproben wurde der Harwell-Reactor 
BEPO als Neutronenquelle herangezogen. Um falsche Ergebnisse durch (n,p) und (n,x) Reaktionen 
zu vermeiden, wurde der Ofen DIDO zur Neutronenaktivierung von Platinproben herangezogen. 
Jede Bestimmung bendtigt 0-1 g Probe. Radiochemische Trennung unter Heranziehung von Trager- 
methoden wurden Verwendet, um die induzierten-Osmium- und Iridiumaktivitaéten zu isolieren. 
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Ergebnisse fiir den Osmium und Iridiumgehalte einiger reiner Palladium- und Platinproben werden 
mitgeteilt 


Resumé—Les auteurs décrivent une méthode de dosage dultramicroquantités d’osmium et @ iridium 


dans des échantillons de palladium et de platine. Afin d’éviter des différences ‘‘d’autoprotection’ 
r 


entre les échantillons et les étalons pendant l’irradiation par les neutrons, les étalons ont été prepares 


par addition de tres faibles quantités connues d’osmium et d’ iridium aux échantillons analytiques 
Dans l’analyse des échantillons de palladium la pile BEPO de Harwell a été utilisée comme source 


de neutrons. Pour éviter des résultats erronés dus a des réactions (n,p) et (n,x), la pile DIDO a da 


etre utilis¢e pour l'activation par les neutrons des échantillons de platine. Chaque dosage nécessitait 


0,1 g d’échantillon, et des séparations radiochimiques utilisant des entraineurs « 


employées poul 
isoler les activités induites de osmium et de Viridium. Les résultats sont 


osmium et en ium des échantillons de palladium et de platine purs 
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ETHANOL-WATER-HYDROCHLORIC ACID ELUENTS IN 
ANION-EXCHANGE SEPARATIONS 


D. H. WILKINS and G. E. SMITH 
Electric Research Laboratory, Schenectady, New York, U.S.A 


( Received fugcust 1960 {ccepted 13 October 1960) 


Summary ry system of ethanol-water hydrochloric acid has been investigated for the anion- 


f elements which have low adsorption coefficients in aqueous hydrochloric acid 
y system is used to express the data from batch distribution coefficients in order to 
1 of column separation. The anion-exchange separation of manganese from 


n of yttrium and scandium has been accomplished 


course of the investigation of the separation of metals by means of the 


hange separation of their chloro-complexes, it became apparent that the 
water-miscible organic solvents enhanced the adsorption of many of these 


An extensive study of the adsorption characteristics of ions from aqueous 


1 solution! has led to many anion-exchange separations of metals.” ° 


Ic acid 
addition of non-aqueous solvents to increase the adsorption has been con- 
by several investigators.’ In most cases investigations have been confined 


to elements which show a considerable adsorption from aqueous hydrochloric acid 


solutions. It appeared more fruitful to utilise the non-aqueous solvents in order to 


develop anion-exchange separations of those elements which exhibit low distribution 


coefficients from aqueous solutions. The purpose of this investigation was to extend 
the use of ion-exchange separations to those elements which show limited adsorption 
from ous solution. For this reason elements such as iron, copper, and cobalt, 


which are easily adsorbed from aqueous solution, were automatically excluded from 
the investigat 
EXPERIMENTAI 
——— 
{nion-exchange resin: Dowex | 8, 200—400-mesh chloride-form resin was used for both the 
um studies and the column separations. The resin as received was slurried with water and the 


equilib! 


fines decant eral times. The resin was then loaded in a large plastic column and washed several 
times with alternate solutions of 9 M and 0-5 M hydrochloric acid and with 2°5°% hydrofluoric acid 
t removes metal impurities from the resin The resin was washed thoroughly with water 


[his treatment 


1 order to remove the acid and subsequently oven-dried at 100 


Metal solutions: The metal chlorides were used in all cases. In some cases it was necessary to 
convert oxides or other salts to the chlorides before the equilibrium studies or column separations 
The metal chlorides were dissolved in water and standardised by EDTA titrations using established 
techniques. During the course of the investigation of the ethanol-rich regions and particularly the 
absolute < composition, it was necessary to prepare standard solutions of the metal chlorides in 
absolute alcohol 

Ethanol-water-hydrochloric acid mixtures: In order to simplify the representation of data and the 
preparation of various elution mixtures, the solutions were treated as a ternary phase diagram of 
ethanol-water-hydrochloric acid. Each solution is made up on the basis of twelve parts in order to 
simplify the use of concentrated hydrochloric acid in the diagram. Thus a | M solution of hydro- 
chloric acid represents a mixture of one part of concentrated hydrochloric acid and eleven parts of 
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water and/or ethanol. If two components are specified, a single composition on the ternary is fixed, 
since the total of parts must equal twelve. In all cases the changes in volume due to mixing are 
ignored. Admittedly volume changes do take place; however, if one transposes from equilibrium 
diagrams to column separations and ignores volume changes in both cases, the volume changes 


which do take place are purely academic 


Measurement of equilibrium coefficients 


2-000 0-001 g of dried resin were transferred to 125-ml polyethylene screwcap bottles. The 
appropriate volumes of sample solution, alcohol, water and hydrochloric acid were added to give a 
total volume (added) of 120 ml. A minimum ratio of ten to one was maintained between the capacity 
of the resin and the metal ion added (equivalents), assuming that the adsorbed species was a univalent 
anion. The bottles were capped slightly below atmospheric pressure by compressing the bottle before 
tightening the cap, and revolved slowly end-over-end for 12 hr. The polyethylene bottles are con- 
venient for equilibrium studies and by working with a somewhat reduced pressure the danger of losses 
DY leakage is diminished 

After mixing, the contents of the bottle were filtered through a dry filter paper in order to remove 
the resin, and the metal content of the liquid phase was determined by an EDTA titration of an aliquot 


The distribution coefficients D, were calculated from the formula 


meq metal on resin/ml of resin 
), ~~ ene aeettachtate 
meg metal in soln/m! of solution 


Representation of results 

The distribution coefficients obtained from the equilibrium studies can be used to predict the 
behaviour of species in a column separation. For column separations it is desirable to have widely 
divergent distribution coefficients for the metal ions to be separated. The ion to be eluted from the 
column should have a low distribution coefficient in order to be eluted from the column in a reasonable 
volume. The ion to be retained on the resin should have a large distribution coefficient in order to 
minimise the possibility of contamination 

In order to correlate the distribution coefficients obtained from the ethanol-water-hydrochloric 
acid system with the data available from aqueous hydrochloric acid solutions the logarithm of the 
distribution coefficient was used. If one uses the ternary system of co-ordinates for the composition of 
the aqueous phase and plots the log of the distribution coefficients perpendicular to the plane of the 
triangle, a curved surface is obtained from which one can observe the log Dy for any liquid com- 
position in the triangle. In practice this becomes complicated because the over-lapping curved surfaces 
become difficult to correlate in order to select optimum conditions for a separation. Prior experience 
has indicated that if log Dy is greater than one the constituent is easily retained on thecolumn, whereas 
log Dy values 0-5 or less represent ions relatively easy to elute. For this reason it appeared convenient 
to determine the liquid-phase compositions where log Dy was equal to or greater than one. This was 
accomplished by obtaining log Dy values at systematic points through the region of the ternary system 
where adsorption was observed. Log Dy values were obtained with constant parts of alcohol and 
varying ratios of water-hydrochloric acid. These log Dy values were plotted so as to give the log D 
vs. water-hydrochloric acid ratio for any given level of alcohol. From these plots it was possible to 
obtain the compositions of the liquid phase where log Dy is equal to one. If plotted on the three- 
dimensional curved surface which represents the log Dy values a curve would result which separates 
the surface where log Dy is equal to one. The curve so obtained was projected onto the ternary 
system so as to represent in two dimensions the compositions of the system where log Dy equals one 
These curves are shown in Fig. 1. 

Areas to the left of a curve represent log Dy greater than one, while areas to the right represent 
log Dy values less than one. It should be noted that Fig. 1 does not represent the complete ternary 
system, but the HCI—H,0O line in Fig. | is at the six parts of alcohol level. It is apparent that only a 
small portion of the ternary system provides an adequate distribution coefficient to allow the retention 
of these ions on a column. However, the metal ions shown in Fig. 1 show little or no adsorption from 
aqueous hydrochloric acid, so the addition of ethanol to the system has a considerable etfect. Ions 
which exhibit strong adsorption from aqueous hydrochloric acid may be expected to show even 


stronger adsorption in the ternary system 
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to utilise Fig. 1 to predict conditions for column separations, it is necessary to select a 


In order 
composition which lies within the area bounded by the log D, 1 curves. The elements whose 
curves lie to the left of the composition selected will be eluted while those to the right will be adsorbed 


It is preferable to use a composition as far away from the curve for the elements to be eluted as is 


possible t crossing the curves for the elements to be adsorbed. 


the elements which show significant adsorption, there are some elements which show 


the ternary system. For example, nickel, calctum and chromium may be 


»ments shown in Fig. | by selecting a composition in the area to the left of the 


the element selected 


a stics at the absolute alcohol point are somewhat anomalous and require 
some cases studied a maximum adsorption was noted ata composition near the 
11-6 parts of alcohol: 0-2 parts of water: 0-2 parts of hydrochloric acid. The adsorption decreased 
from this p t in all directions. The decrease in adsorption at the absolute alcohol point is particu- 

that the changes in the adsorption for yttrium and scandium are sufficiently different 


C 


pecial mel 


irly interestins 


o allow a separation. Fig. | shows no composition where yttrium and scandium may be separ- 


The log Dy values are greater than 1, and nearly the same, as one approaches the composition 


ated 
0:2 parts of hydrochloric acid. At the absolute alcohol 


11-6 parts of alcohol: 0-2 parts of water 
sharp decrease in adsorption whereas yttrium shows a sharp increase. In 
for scandium has decreased from, 1-24 to 0-73 while the log Dy for yttrium 


of 2:36. Obviously this difference is adequate for a separation. 


point scandium shows a 
absolute alcohol the log D 


has increased to a maximum 
Thorium, lanthanum and erbium also exhibit a sharp increase at the absolute alcohol point. 


Manganese decreases similarly to scandium, but the log Dy value remains greater than one. 
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Column separations 


Manganese from nickel or calcium: The columns used contained a resin bed, 1 cm 10 cm, of 
Dowex | 8, 200-400 mesh, chloride-form anion-exchange resin. Before introducing the sample 
solution the resin bed should be equilibrated with the solvent to be used during the elution. The 
solvent selected for the retention of manganese on the column was 10 parts of ethanol :2 parts of 
hydrochloric acid which gives a log Dy for manganese of 2-5 

The sample solution of the chlorides was evaporated to a small volume and diluted to 50 ml with 
the 10 
the 10 


Yttrium from scandium: The columns used contained a resin bed, 6 mm 47 cm, of Dowex 1 8, 


solvent. The sample was transferred to a column and nickel or calcium eluted with 100 ml of 


~ 
> 


solvent. Manganese was subsequently eluted with 100 ml of 0-5 M hydrochloric acid 


200-400 mesh, chloride-form anion-exchange resin. The resin bed was equilibrated with absolute 
ethanol before adding the sample to the column. The sample solution of the chlorides was evaporated 
to a small volume and diluted to 50 ml with absolute ethanol. The solution was then transferred to the 
ie column. After the solution drained to the resin bed, the scandium was eluted with 150 
absolute ethanol. The yttrium was subsequently eluted with 150 ml of 8 parts of ethanol 
parts of water: 2 parts of hydrochloric acid 
he determinations were concluded by established EDTA procedures after volatilisation of the 
— 
DISCUSSION 

The results which were accumulated in order to construct Fig. | were limited to 
those elements which exhibit limited adsorption in aqueous hydrochloric acid. 
Elements such as copper, cobalt, iron, zinc, efc., which may be strongly adsorbed 
under appropriate conditions from aqueous hydrochloric acid solutions would be 
expected to show strong adsorption over much of the ternary system. Although one 
could construct curves in Fig. | for these elements it appears more convenient to use 
the alcohol-water-hydrochloric acid system only as an auxiliary technique to the well- 
established aqueous ion-exchange separations. The separation scheme is intended for 
further separations of those elements which appear in the 7-9M aqueous hydrochloric 
acid eluents in anion-exchange separations. The eluent should be evaporated to a 
small volume, then sufficient alcohol, water and hydrochloric acid added to attain the 
appropriate composition on Fig. 1. 

In addition to ethanol one may use other miscible solvents such as acetone and 
isopropyl alcohol. The characteristics of adsorption are modified to some extent, 
however; ethanol was satisfactory for the separations desired 

The difference in the adsorption characteristics of lanthanum and yttrium is 
unusual. The log D, | curve for erbium (not shown) is very close to that of 
yttrium. An investigation of other members of the lanthanide series will be conducted 
with the possibility of obtaining some separations of mixtures of the rare earths. 
In the event that a series of log D, | curves for the other rare earths lie between the 
lanthanum and erbium lines gradient elution techniques should be applicable for the 
separation of these elements in a high state of purity. 

Further investigation of the nature of the adsorbed species for the absolute 
alcohol solutions is necessary. Since chloride ions are not added in excess one would 
assume that the chloride necessary for the formation of chloro complex is furnished by 
the resin: 

RR,’N*Cl LaCl. RR,’N*LaCl, 


Zusammenfassung—Ein terndres system Athanol-Wasser-Salzsaure wurde untersucht um die Trennung 
von Elementen mittels Anionaustauscher zu verbessern, wenn die Absorptionkoeffizinten in wassriger 
Salzsdure zu nieder sind. Ein ternéres System wurde herangezogen um die Verteilungskoeffizienten 
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u 
Trennungei n Mangan von Nickel und Calcium sowie Yttrium von Scandium an Anionenaus- 


lie Voraussagen uber den Wirkungsgrad von Saulentrennungen erleichtert. 


tauschern wurden ausgearbeitet 


Résumé systéme ternaire: éthanol-eau-acide chlorhydrique, a été étudié en vue de la séparation 
par échange anionique d’éléments qui ont de faibles coefficients d’adsorption en solutions aqueuses 
ydrique. Un systeme ternaire est utilisé pour exprimer les résultats a partir des coeffic- 
tage de l’échantillon afin de faciliter la prévision de la séparation sur colonne. Les sépar- 


ye anionique du manganése d’une part et du nickel et du calcium d’autre part, et la 


ttrium et du scandium, ont été réalisées 
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Summary—Distribution coefficients are measured for the partition of metal ions between anion 
exchange resin and organic solvent-water mixtures containing hydrochloric acid. The presence of an 
organic solvent causes metal ions to be taken up at lower hydrochloric acid concentrations. In many 
cases, distribution coefficients are significantly higher than in water-hydrochloric acid systems. If 
other conditions are comparable, the order of distribution coefficients in alcohol-water-hydrochloric 
acid is: isopropyl ethyl methyl alcohol. Column separations of metal ion mixtures can be 
carried out by eluting with alcohol-water-hydrochloric acid mixtures of different compositions 


Successful separations of a number of mixtures are reported 


INTRODUCTION 


THE separation of metals as chloro complexes from aqueous hydrochloric acid 
solutions using anion-exchange columns is now a well-established and valuable 
analytical procedure.'-* In this method, metals that form anionic chloro complexes 
are taken up from strong hydrochloric acid solutions; other metals pass through the 
column. Then the metals on the column are eluted one or two at a time using aqueous 
solutions of hydrochloric acid that are progressively more dilute. 

It was observed that metals are taken up strongly and at lower hydrochloric acid 
concentrations if an appreciable amount of a water-miscible organic solvent is added 
to the aqueous hydrochloric acid. The purpose of the present work was to study the 
anion-exchange behaviour of metal chloro complexes in partly non-aqueous media. 
The primary aim was to find conditions that would improve the convenience and 
broaden the scope of this type of analytical separation. 

Katzin and Gebert” studied the absorption of lithium chloride, lithium nitrate, 
cobalt chloride and nickel nitrate on chloride- and nitrate-form anion-exchange resins 
from acetone solution. They noted that the whole salt is adsorbed and suggested that 
the salts might be taken up as complex anions. On the other hand, Davies and Owen” 
postulated that the salts are adsorbed by the resin by a solvent extraction process. 
luck and Welch" found that the uptake of plutonium!’ by an anion-exchange resin 
from a nitric acid-diethyleneglycoldibutyl ether solution is the result of anionic 
complex formation. 

In the anion-exchange separation of sulphate, sulphite, thiosulphate, sulphide, 
selenite and tellurite, Iguchi'*."* found that the addition of alcohol to the eluting agent 
increased the adsorbabilities of all but the selenite and tellurite. Burstall et a/.™ 
eluted gold (adsorbed as the cyanide) from an anion-exchange column using an 
water. Korkisch et al. 
separated uranium’! from certain other metals on a chloride-form anion-exchange 


acetone eluent containing 5% hydrochloric acid and 5° 


oO 


* Contribution No. 921. Work was performed in the Ames Laboratory of the U.S. Atomic Energy 
Commission. 
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column using a solution of hydrochloric acid in mixed water and ethyl alcohol. 
The addition of 10 to 25% methyl alcohol to an aqueous hydrochloric acid eluent has 
been found to improve the anion-exchange separation of zinc and cadmium.!® 
Recently Kojima!’:'S and Yoshino and Kurimura™ studied the anion-exchange 
xehaviour of several of the transition elements in mixed solvents containing hydro- 

id. Distribution coefficients of metal ions were measured in various com- 
binations of hydrochloric acid, water and organic solvent, and the results were com- 
pared with the distribution coefficients found in aqueous hydrochloric acid solutions 
by Kraus and Nelson.'-* In all cases the incorporation of a non-aqueous solvent in 


d the distribution coefficients to be higher. An elution scheme for 
was devised, and the method was applied to the determination of 


yper in certain zinc alloys 


EXPERIMENTAI 


rent” resin, eith to 200-mesh 
separations 1d was used in 
») remove the very fine particles, then wash a 
metallic impurities. Wash with water, then 
ng with 2 to 2-5M, 1M, and 0-005M hydro- 
by suction filtration. Wash the resin 
water c 
fra-acetate linvarate Prepare a 0-05M STOCK 
ation of zinc!! from primary standard 21 netal 
HCd\ Naphthyl azoxine ndicator is 
ised when available. Rare-earth, yttrium 
the oxides in hydrochloric acid. Thoriun 
anion-excnange, were used 


rent r " >] " , 
v experiments metal perchlorates were employed 


Mixtures were prepared so that the amount of 
ige by volume and the hydrochloric acid con- 
1M hydrochloric acid in 80 isopropyl alcohol is 


sopropyl alcohol, 83 ml of concentrated hydrochloric 


ume due to mixing 


determined by titration with EDTA. Conditions are 


and uranium’* were determined by standard redox 
ns were determined by colorimetric methods copper! with neo- 


thorium with thorin,*® uranium’! with arsenazo,*' bismuth 


| :10-phenanthroline 


approximately 1g of air-dried anion-exchange resin into a 125-ml glass- 
rt c S 


flask. Pipette into the flask 4 ml of metal salt solution and 50 ml of the appro- 


-water-hydrochloric acid mixture. Stopper the flask and shake for 12 to 18 hr 
rganic solvent) or 22 to 32 hr (more than 80°, organic solvent) at 24 1°. Pipette 
the supernatant liquid, evaporate the acid and organic solvent, and determine the 

itent by an appropriate analytical method. Determine accurately the water content of 


ilculate the distribution coefficients on a dry weight basis. 





Anion-exchange separat 1Ons 


TABLE | TITRATION OF METAL IONS WITH EDTA 


Ions titrated pH Indicator Reference 


Prepare a standard metal salt 
solutions. Caref iryness id 5 ml of 0-3M hydrochloric 


icid in 9 ethyl alc 
column using 0-3M h ochloric acid in 9 hyl alcohol as a rinse 


tne nels 


transfer the sam to an anion-exchangs 


column having an 

for various separation indicated 

the column with the ty and quantit 
0-25 to 0-33 ml/min. Evaporate the efflu 


salt present on by 


MEASUREMENT OF DISTRIBUTION COEFFICIENTS 


Measurement of distribution coefficients of various metal ions over a wide range 
of conditions is a good way to avoid choosing eluting conditions for column separations 
by a strictly trial and error method. The batch distribution coefficient, D, is defined: 
mequiv. metal on resin/g of dry resin 


D ; seca 
mequiv. metal in solution/ml of solution 


Although this distribution coefficient is measured on a batch basis, it can be used to 
predict elution behaviour for metals eluted from an ion-exchange column. To separate 
two substances, conditions should be selected such that the distribution coefficient 
of one is low (preferably | or less) so that elution from the column will be rapid. The 
distribution coefficient of the other substance under the same conditions should be as 
large as possible so that this substance will be tightly held by the column. 

In aqueous hydrochloric acid solution, the distribution coefficient of most metal 
ions in contact with anion-exchange resin increases as the concentration of hydro- 
chloric acid is increased. After a certain concentration of hydrochloric acid is attained, 
the distribution coefficient remains about the same or decreases somewhat with further 
increases in hydrochloric acid concentration. In partly non-aqueous solutions of 


hydrochloric acid, two factors cause an increase in the value of D:; an increase in 


hydrochloric acid concentration, or an increase in the proportion of non-aqueous 


solvent in the water-non-aqueous solvent mixture. In solvent mixtures containing an 


appreciable amount of non-aqueous solvent, a D value sufficiently high to assure 


quantitative uptake of a substance on an ion-exchange column occurs at a much 
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lower hydrochloric acid concentration than in completely aqueous systems. Also, 
the maximum distribution coefficient obtainable in partly non-aqueous systems 
containing hydrochloric acid is frequently much higher than is possible in aqueous 
hydrochloric acid solutions. The distribution of manganese!! between chloride-form 
anion-exchange resin and hydrochloric acid solution is an outstanding illustration of 

In aqueous hydrochloric acid, the distribution coefficient is always less than 

yhol-hydrochloric acid systems containing only a little water a distribution 


several thousand can be realised. 


ee eo) oe 


1 


OEFFICENT 


a 
rs 
a 


? 
2 3 
HYDROCHLORIC ACID CONCENTRATION (MOLAR) 


yn coefficients of copper! chloride in various concentrations of 
' 


opropy cohol vs. hydrochloric acid concentrations. 


the distribution coefficient for copper! is plotted as a function of hydro- 
chloric acid concentration at several isopropyl alcohol-water solvent compositions. 
It will be that the presence of an increasing proportion of isopropyl alcohol has 
a pronounced effect on the distribution coefficient. In Figs. 2-5, distribution coeffi- 
cients of other metals are plotted as a function of hydrochloric acid for solvents 
containing different percentages of isopropyl alcohol. 
he effect of different organic solvents on the ion-exchange behaviour of various 
metal ions was studied. Fig. 6 shows that the various organic solvents studied have 
about the same effect on the distribution coefficients for copper when the solvent 
contains an appreciable proportion of water. However, when the solvent contains less 
than 10 or 15%, water, the difference in D in changing from one organic solvent to 
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2——Distribution coefficients of metal chlorides vs. hydrochloric acid conc 


74 isopropyl! alcohol 


another is more pronounced. The distribution coefficients of copper as a function of 
hydrochloric acid concentration for several solvents are plotted in Fig. 7. Distribution 
coefficients for several metal ions are plotted in isopropyl alcohol, ethyl alcohol and 
methyl alcohol in Figs. 8-10. In Figs. 11 and 12, distribution coefficients for various 
metals are plotted as a function of ethyl alcohol concentration for solutions that are 
0-3M in hydrochloric acid. 

In these figures the concentration of hydrochloric acid is kept low for two reasons. 
When the proportion of non-aqueous solvent in the mixture is high, only a low 
concentration of hydrochloric acid is required for metals that form chloro complexes 
to have high distribution coefficients. Also, the use of much higher concentrations of 
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impossible to maintain the desired concentration of 


use concentrated aqueous hydrochloric acid in preparing 


tribution coefficients of the metal ions studied are 

hyl alcohol, and are still higher in isopropyl alcohol. 

varying proportions and keeping the hydrochloric acid 

a gradual transition of D values from one pure alcohol to 
igs. 13 and 14 show the distribution coefficients for several metal 


alcohol-isopropyl alcohol and methyl alcohol-ethyl alcohol, 


SEPARATIONS 


distribution coefficient, D, can be used to calculate the volume of eluting 
red to elute a metal ion from a given ion-exchange column. The relation- 


such a calculation are as follows: 


g of resin 
\ 
V(D, 1) 


D D 


where D is the batch distribution coefficient, Dy is a volume distribution coefficient, 
V is the interstitial volume (ml) of the resin bed, and U* is the volume (ml) of eluent 
required to elute a metal ion to a point where the effluent from the column has the 
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Fic. 4—Distribution coefficients of metal chlorides vs. hydrochloric acid concentration in 


55°, isopropyl! alcohol. High adsorption group 

maximum concentration in the metal ion eluted. The volume of eluent required to 
elute a// of a metal ion depends on the band width of the metal ion eluted. A good 
discussion of the selection of column dimensions and operating conditions, when the 
distribution coefficients of the substances to be separated are known, is given by 
Cornish.*4 

In the present work, batch distribution coefficients served as a valuable guide in 
selecting conditions for column separations. However, the volume of solution required 
to elute various ions from a column was always determined by collecting actual 
fractions from a column and analysing the fractions. Under the conditions used, this 
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60 
PER CENT ORGANIC SOLVENT 


n coefficients of copper! chloride in 1M hydrochloric acid 
percentage of organic solvent 
was found to be much more reliable than simply calculating the required volume of 
eluent from the distribution coefficients. 


lo separate two metal ions on an anion-exchange column, a solvent composition 


and hydrochloric acid concentration is chosen such that one metal will be rapidly 
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eluted from the column (D should be low, preferably 1 or below) while the other 
metal ion has a high D and is tightly held by the column. When several metal ions 
ire to be separated from each other, the scheme is to choose different conditions for 
successive elutions so that only one metal ion is eluted by each eluting agent. In 
selecting the composition of eluting agent, we have three variables to work with: 
the non-aqueous solvent, concentration of non-aqueous solvent in the non-aqueous- 
water mixture, and concentration of hydrochloric acid. 
In alcohol-water mixtures containing a high proportion of alcohol, only a low 
concentration of hydrochloric acid is required for metal ions to be strongly taken up 
‘change column. As shown in Figs. 7-10 the distribution coefficients 
s change little with moderate changes in hydrochloric acid concentration. 


inspection of Figs. 11 and 12 reveals that changes in the alcohol content of 
iffect the D values of metal ions to varying degrees. Thus one elution 
series of eluents with a constant hydrochloric acid 


Ol 
(0-3M), but with decreasing proportions of alcohol. Ethyl alcohol was 


f the “‘non-adsorbable”’ metal ions such as nickel!!! and 


isopropyl alcohol (see Fig. 8). Methyl alcohol was not 


yr “‘adsorbable” metal ions are significantly lower than in 


is as follows: 
ethyl alcohol-0-3M HCl. 
ethyl alcohol-0-3M HCl 
; 2°. ethyl alcohol-0-3M HCl 
Vi 12°. ethyl alcohol-0-3M HCl. 
are eluted with 40° ethyl alcohol-0-3M HCl. 


d with 0-005M aqueous HCI 
s of quantitative column separations using this scheme are given in 
some instances the composition of the sample was such that the elution 
sample constituents could be accomplished using a lower concentration 
ilcohol than stated in the preceding scheme. 

separations are not possible using this elution scheme. Uranium’!, 
coppe! ron!! can be separated only as a group. Nickel!', calcium", vanadium!’ 
and chromium!!! can also be separated only as a group. Manganese!! can be separated 
is latter group, but the separation is lengthy and only moderately successful. 

Separation of manganese! from cobalt is not possible. 

At higher ethyl alcohol concentrations, tailing of the elution bands is a problem. 
nickel!! when eluted with 0:3M hydrochloric acid in 95% ethyl alcohol is 
particularly bad. When nickel is eluted with 0°-3M hydrochloric acid-82% ethyl 
alcohol, the tailing is lessened but is still something of a problem. An attempt was 
made to eliminate tailing by making the 0:3M alcoholic solution of hydrochloric acid 


up to 0-1M in perchloric acid. This speeded up all elutions and diminished tailing of 


lailing of 


the nickel somewhat, but the over-all improvement was not sufficient to recommend 
the use of perchloric acid in the eluents. 

Another elution scheme uses isopropyl alcohol instead of ethyl alcohol (see Figs. 
2-5). In this method the isopropyl alcohol concentration is held constant at 55%, and 


the concentration of hydrochloric acid is varied. The elution scheme is as follows: 
Sample is added to the column in 0°-3M HCI-95% ethyl alcohol. 
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TABLE Il SEPARATION AND ANALYSIS OF SYNTHETIC METAL ION 
MIXTURES ON DOWEX | 8, 200- To 400-MESH, CHLORIDE-FORM 
RESIN. METALS APPEAR IN THE ORDER OF ELUTION WITH THI 
AMOUNT OF WASH SOLUTION INCLUDED WITH THE FIRST ELUTED 


METAI 


Metal mixture (column 


EtOH-0 
EtOH-0 
EtOH -0:3 


EtOH -0-3 
EtOH-0°3 
EtOH-0 


3M HCl 
3M H¢ 
3M HC 


3M H 
EtOH-0:3M HCl 

Co 15 ml 70% EtOH-0:3M H¢ 
Fe 20 ml 40 EtOH-0:3M HCl 
Zn 40 ml 0:005M aqueous HCI 


-Felll-Billl (3 1-1 cm) 
2 ml 95°, EtOH-0-3M HCI 
6 ml 72°. EtOH-0-3M HCl 
12 ml 40°, EtOH-0-:3M HCI 
25 ml 1M aqueous H,SO, 
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Distribution coefficients of some metal ions in 96% methyl alcohol vs. 
hydrochloric acid concentration. 
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Nil, Mn!, Cal and Dy"! are eluted with 3M HCI-55% isopropyl alcohol. 
Coll is eluted with 1:-3M HCI-55°% isopropyl alcohol. 
Cull and Fel!!! are eluted with 0-1M HCI-55% isopropyl alcohol. 


Zn"! js eluted with 0-005M aqueous HCl, or Bil! is eluted with 1M aqueous sulphuric 
1 


acid 


ANALYSIS OF SYNTHETIC METAL ION 
200- TO 400-MESH, CHLORIDE-FORM 
ELUTION WITH THE AMOUNT 
FIRST ELUTED METAI 
Found, 
me 


é A } 
5 EtOH-0-3M HCI 
di MeOQH-0:2M H¢ 


0-1M HCI-S5 2-PrOH 


2-PrOH 
2-PrOH 
,°*24 Cm) 
EtOH-0-3M HCl 
¢ MeOH-0:2M H¢ 
3M H¢ 5 
nat 
FtOH-0-3M H¢ 
H-0:-2M HCl 
2-PrOH 
2-PrOH 
2-PrOH 


0-3M HCl 
0:-2M HCl 
2-PrOH 
2-PrOH 
s H,SO, 


EtOH-0:3M HCl 
6°. MeOH-0:2M HCl 
13M HCI1-55°% 2-PrOH 
ml 0-1M HCI1-55 2-PrOH 
Cu 


Fe 


nl 1M aqueous H.SO, 
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TABLE III. (contd.) 
Metal mixtures (column dimensions) 
and eluting agent 
-Th!¥-Mn -Fe 


2-2 cm) 


-Co'-Cu 


3M HCl 
M OH 


EtOH-0 
EtOH-48 
0:-2M HCl 
MeOH-0:2M HC] 
2-PrOH 

2-PrOH 
2-PrOH 


8 ml 95 


ml 48 


3M HCI-55 
nl 1-3M HCI-55 
10-1M H¢ 


ai aa 


u 


I e 


EtOQH-0-3M HCI 
MeOH-0:2M HCl! 
3M HCl 2-PrOH 


ss 


} 

EtOH-0-3M H¢ 

MeOH-0:2M HCl 
3M HCI-55 2-PrOH 


Ciut 


Cu-! 
ith EDTA 


gives shai 
= a 
15 the elution curves are com] the separation 


In Fig. 
by the isopropyl alcohol and th ethyl alcoho 
acid in 


ilt break-th 


55 


alcohol scheme, elution with lrochloric 


ution of the nickel until the cobs 


continued after el 


alc 


. | 1 
ohol scheme 


discontinued shortly aft 


band was still 4 cm fron > column, and the 


through with the 3M eluent would be 1 250 ml. 


[he isopropyl alcohol scheme does offer a conve 


i Howe 


was found tha 


—, . 1 . + san 
or calcium" from manganese 
of 


kell! and mangane: through u 


methyl alcohol (see Fig. | 
in 0-2M hydrochlor 


10 


avid 


()) 


mangan sell is only 27 


2000 in 0:3M hydrochloric 
LI 


of around -95' 


showed that manganese!’ is still strongly reta 


the column separation of nickel"! and manganese!"! is given 


shows sharp bands with very little tailing, and an excellent sep 


The recommended separation method is first to separat 
dysprosium!!! from manganese!" (and other metal ions) using 
The metal ions remaining on the col 


in 96% methyl alcohol. 


using the 55% isopropyl alcohol scheme outlined above. Fig. 


’ tan 7 rt i. ieenameat 
separavions and virtually eliminat 


| elution scnemes, 


Pe) 


> estimated cobalt 


Although the dis 


es tailing of 


of nickel 


In the ethyl 
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1 
ronoh 
AUULI 


. Inthe isopropyl 


Icoho!l 


isopropyl a 
joe 

‘ : , = 1.1] 

\t this point the cobalt 


break 


separation of 


an excellent separation 


of 0-2M hydrochloric 


tribution coethcient for 


(compared to a D 


periments 
n curve tor 
The curve 

aration factor. 
e nickel!!, calcium! or 
0:-2M | 
umn are 


17 


1ydrochloric acid 
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shows elution curves 


for a multi-component mixture separated by this method, and Table III presents results 
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14—Distribution coefficients of metal chlorides in 0-2M hydrochloric acid vs. 
concentration of methyl alcohol and isopropyl alcohol totalling 96%. 
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for the quantitative separation of several mixtures. It should be noted that a column 
of larger diameter was used for these separations than for those using 0-3M hydro- 
chloric acid in ethyl alcohol (Table II). The larger column diameter allows greater 
loading and faster flow rates, but of course requires larger volumes of eluent for 
separation. 

The distribution coefficient for thorium!” is fairly high in 0-2M or 0-3M hydro- 
chloric acid in 95%, ethyl alcohol or isopropyl alcohol. Under these conditions the 
distribution coefficients of nickel", calcium!, efc. are a little too high to permit a 
convenient separation from thorium!Y. However, Figs. 13 and 14 show that mixing 

TABLE IV.—SEPARA 


DOWEX | 


OTTANTTITT 
UA 


methyl alcohol with isopropyl alcohol or ethyl alcohol provides a way to lower 


gradually the distribution coefficients of metal ions. In 0-2M hydrochloric acid-48 % 


ethyl alcohol-48 °%% methy! 
and nickel! is obtained, although some tailing is observed in elution of the nickel. 


alcohol, a quantitative column separation of thorium!’ 


It appears that the use of mixed alcohols may also permit a fair separation of a nickel- 
dysprosium-thorium mixture. 

In the mixtures analysed above, the sample constituents are present in approxi- 
mately equal molar amounts. In Table IV, results are reported for the successful 
analysis of mixtures where two components are present in approximately a 10 to | 
ratio. So long as the column is not overloaded, a high ratio of one or more sample 


constituents to the others does not appear to cause any difficulty. 
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SHORT COMMUNICATIONS 


The determination of iron with 1,10-phenanthroline 


) 


Cary Model 14 R 


$ containing precipit 
ifter the pH adjustr 
yf citric acid before pH adjustment 


1 ; > > wotr nihil h rn ; 
10 interference, contrary to a yublished rey 


i ASHI Vv. Nb, Ta 
I VII IV 1 ' . 

Br, I, Mn™, Mn‘", Re, Pt, Cel’, Pr, Nd, Sm, Eu, , Dy, Ho, Er, Tn b, Lu, Th, I 
P(as PO,*°~; solutions containing vernight for con 


plete colour development) 


J } er init se | ft in 
Elements which do not } ecipilate aiid do not intel 


Tl, Pb, Ti, Sb", Te, Bi, Sn, Zr, Mo, and W. 


, , ; , , , : » 
Elements which pre ( ipitate Dut do not interfere in the absence of citric acid 


Au, Ba, Cd, Se, Ir (these elements also precipitated in the presence of citric acid) and Zr 


Elements which precipitate but do not interfere in the presence of 1 g of citric acid 

Hg, Ir, Cd (solutions containing Cd in 10-mg amounts must be allowed to stand overnight for 
complete colour development). 
Interfering elements 

The following elements interfered, in 10-mg amounts, even in the presence of 1 g of citric acid. 
The percentage error in the determination of 100 jg of iron is indicated in parentheses. Cu(—100), 


163 





Short communications 


7), Ni(—100), Rh (+22), Pd(+-7). None of these elements 


4 ) 


umounts. When 15 ml of 0 1 ,10-phenanthroline were used, no 


1or Sn 
J. O. Hipsrtrs 
W. F. DAvis 
M. R. MENKI 


Summary 10-mg amounts in the spectrophotometric 

tudied at pH 4. Using the procedure described, 
1,10-phenanthroline, and allowing the coloured 
measured, only Cr'!!, Cr¥!, Co, Ni, Rh and Pd 


ng amount 


Z.usammenfassung—Das smass der St6rungen vor en (anw n 10 mg Mengen) bei 
1 | { ( ) wurde diert Folgend Methode 


2 iC 


und 15 ml 


68 éléments en 


Resume ( ¢ | nporta le t ( : 
) } throne nemployant le procédé décrit 
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en laissant reposer 


s Cr (IID), Cr (VI), Co, Ni, 


Effect of nitric acid on the extraction of iron with tri-n-octylphosphine oxide 


1100 


1 the dissolution 


ne oxide (TOPO) in 


ect nitric acid the extraction 


y the eifect 


hil 
7M nitric When it was 


from 1M or 
| yw results due 
nitric acid of the lo rming reagent, 
tric acid pre mp! extraction of iron 
established in the following manner. One ml of 15M 


th TOPO 
7M hydrochloric acid containing 100 ug of iron. This solution was 
rOPO in the usual manner. The aqueous phase was treated with a few drops 


ted to dryness, and the iron determined by the aqueous 1,10-phenanthroline 
The organic phase was treated 


f the iron originally added was found. 
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with 3M sulphuric acid to remove the iron, and the acid solution evaporated to fumes of sul- 
phuric acid to remove any nitrate. The acid solution was treated with hydrochloric acid and the iron 
extracted with TOPO and determined in the manner previously described;! 45 to 40° of the iron 


was found. The 90 to 95°% recovery of iron is within expected experimental error. The results 


are adequate to prove that nitric acid interferes with the extraction of iron from a chloride medium 


by TOPO 

It should be pointed out that in White’s report? it is stated that extraction of iron is 90%, com- 
plete from 7M HCI containing 1M HNO This lends additional experimental support to these 
conclusions 

HIBBITS 
{ircraft Nuclear Propulsion De Partinent | DAVIS 
General Electric Company i Sees 
Cincinnati 15, Ohio, U.S.A 
Summary—Nitric acid prevents tl t actio iron from a chloride medium with tri-n- 
octylphosphine oxide (TOPO) 
Zusammenfassung—Es wut ref n, dass Salpetersaur e vollstandi 
lhaltigen Medium mit -n-octylphosphinoxyd stort 

Résumé—L’acide nitrique empéche Il’extra 
(TOPO) en milieu chlorure 
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X-Ray Powder Photography in Inorganic Chemistry, R. W D’Eye and E. Warr. Butterworths 


999 AS 
Lkkoe F) 


Scientific Publications, London, 1960. Pp. viii 


7 
TH 


is book has been written to provide the research chemist, having no experience of crystallography, 
with the essential information to enable him to use the powder technique to the best advantage in his 
work. 

Chapters are included on the production and isolation of the necessary monochromatic X-ray 
beam, on the design and calibration of the Debye-Scherrer camera and the several focusing types of 
camera, and on sample preparation. Much useful practical advice is given and the techniques avail- 
able are compared as to suitability for various applications 

The usual aim of the powder technique is to characterise the crystal system of the compound 
examined and determine the lattice parameters accurately. The authors give a comprehensive survey 
of the graphical and analytical methods available for extracting this information from a powder 
pattern. Many worked examples make these two chapters a most valuable part of the book. 

A chapter on crystallographic theory discusses the properties of two and three dimensional lattices 
and relates these to the symmetry found in crystals. The various symmetry elements are explained and 


their combination into a space group to describe a particular crystal symmetry is discussed. 
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PALANTA MEDAL 


Publishers of TALANTA take pleasure in announcing that 


Advisory Board they recommend the first award of the 


PROFESSOR FRITZ FEIGI 


of the organisers of the forthcoming Congress on 
pest on April 24-29, 1961, it is proposed that the award 

| hat meeting 
[hese sensitive colour and pre- 
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used to detect traces of various inorganic and organic 
amongst the most notable contributions to analytical 
it is unfortunate that the fundamental ideas 
been overlooked. In many cases Feigl has 


s alone constitutes a chemical contribution 


>tTormed the basis for quantitative determinations 
the discoverer has been overlooked. The vast 
raphy would have been seriously impeded had not 
for detecting separated components. Feigl was 
‘masking reactions on a scientific basis, and many 
his spot tests to overcome the effects of interfering 
many other analytical processes. Again he has 


| 


ta few examples of the great impact that his work has had on modern 


try. He is undoubtedly one of the great living analytical chemists; 


tions has been a life-time’s work; and probably no-one has contributed 
ctions to the whole field of chemistry. His work has been going on 
nearly fifty years. His results have been applied in fields as far apart 
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EDITORIAL NOTE 


HE present issue of TALANTA marks a stage in the Journal's development which, we 
feel, requires some comment 

In the first place, the Editor would like to thank all his subscribers and contributors 
for their patience during the teething troubles of a new Journal. Teething troubles arc 
inevitable, but are not always sufficiently appreciated to be tolerated with indulgence 
The fact that, in general, both contributors and subscribers have shown an unde 
standing of the difficulties has been a kindness which has been more recognised by the 
Editor than acknowledged 

[This issue, which is to some extent anomalous in being a double issue, should 
appear in the first week of March. From this point onwards, we hope that each issue 
will appear monthly in the month listed on the cover. This is a state of affairs which 
our subscribers and contributors will be only too well aware has not occurred in the 
past 

Qui s excuse, it 1s said, s‘accuse: but when the decision was taken, in Septembet 
1959, to change, in January 1960, from bimonthly to monthly appearance, both 
editorial and printing difficulties had to be overcome. In consequence, our publication 
dates during 1960 were, to say the least, erratic, and in general long overdue; although 
on this point we feel that our subscribers had more complaint than our contributors, 
since the actual time from acceptance to publication has not, on the whole, been 
unduly protracted 

\s we emerged from the difficulties arising from the change in time-schedule, we 
became involved—very willingly, but to the detriment of our normal programme—in 


the production of the special issue in honour of Professor Willard, which has just 


appeared. This called for additional work, both on the editorial side and with the 


printer. The special Gatlinburg volume was a further strain on the printer, although 
editorial headaches were nominal, since our American colleagues made themselves 
responsible for these 

At this point it is only appropriate to acknowledge the co-operation that has been 
given throughout by our printers, whose patience we must frequently have strained 
almost (although fortunately never quite) to breaking point 

Rather belatedly, we would take this opportunity to explain the new system of 
volume numbers. Up to the present there have been three volumes per year, and 
since we commenced on a bimonthly basis in the middle of a year, this has resulted in 
non-coincidence of years with volume numbers. From January 1961, we propose to 
adhere to the more usual “‘one year, one volume” basis, so that the 1961 volume will be 
Volume 8, and will comprise twelve issues. Volume 7, which began with the November- 
December 1960 issue, has been completed by the special Willard issue (which in 
itself is rather larger than an average double issue). Volume 6 was the special Gatlin- 
burg issue, and Volume 5 is made up by the July-October 1960 issues. 
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Editorial note 


In conclusion, we would like to reiterate that from this issue forward we expect to 


publish in the first week of the appropriate month. It may be necessary, from time to 
natter for press with areduced number of pages. But this will be offset by 
in other issues, so that the average number of pages per issue will 


iti 


lope, In response to requests, to give some account of our 


eing policy. At the moment we would merely draw the attention of 


recently revised Notes for Contributors, which we expect, on that 


it more length 
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NOTICES 


The following meetings have been arranged 


Friday 3 March 1961: Society for Analytical Chemistry: Annual General Meeting, 2.15 p.m., 
and Address of Retiring President, Mr. R. C. Cuirnsipe, F.R.I.C. The Enlargement of Horizons 
in Analytical Chemistry. 2 p.m. Burlington House, London, W.1 


Biennial Dinner. Fishmonger’s Hall, London Bridge, London, E.C.4. 7.15 p.m. for 7.45 p.m 


Wednesday 8 March 1961: Society for Analytical Chemistry, Midlands Section: Some New 
Reagents in Analytical Chemistr\ Professor R. Betcuer, D.Sc., F.R.1.¢ The Technical College, 


uton 


Friday 10 March 1961: Society for Analytical Chemistry, Western Section and Royal Institute of 
Chemistry, South Wales Section: Joint Meeting: Vapour Phase Chromatography: Mr. A. VERDIN 


Swansea 


Tuesday 14 March 1961: Society for Analytical Chemistry, Midlands Section: Annual General 
Meeting. Regent House, Birmingham. 6.30 p.m 


Wednesday 22 March 1961: Society for Analytical Chemistry, Microchemistry Group: Discussion 
Meeting. The Feathers, Tudor Street, London, E.C.4. 6.30 p.m 
Thursday 23 March 1961: Society for Analytical Chemistry, Midlands Section: Measurement of 
pH and Electrode Potential for Analytical Purposes: Dr. G. Mattock. The Technical College, 
Nottingham. 7.00 p.m 


Friday 24 March 1961: Society for Analytical Chemistry, Scottish Section: Non-agueous Titri- 
metry: Mr. G. R. JAMigsON, B.Sc., A.R.I.C. and Dr. E. R. LANg, F.R.I-C. Glasgow 


Saturday 25 March 1961: Society for Analytical Chemistry, Physical Methods Group and North of 
England Section: Joint Meeting The Analysis of Intact Samples. City Laboratories, Mount 


Pleasant, Liverpool. 2.15 


Wednesday 29 March 1961: Society for Analytical Chemistry: Demonstration Meeting of 
Laboratory-Built Equipment. Chelsea College of Science and Technology, Manresa Road, London, 
S.W.3 


Thursday © April 1961: Society for Analytical Chemistry, Biological Methods Group: Discussion 
Meeting: Principles Involved in Collaborative Studies: Mr.S. A. Price, B.Sc., F.R.1-C. The Feathers, 
Tudor Street, London, E.C.4. 6.30 p.m 


Wednesday 12th April 1961: Society for Analytical Chemistry and Oil and Colour Chemists 


Association: Joint Meeting. Wellcome Building, Euston Road, London, N.W.1 7.00 p.m 


Wednesday 26 April 1961: Society for Analytical Chemistry, Midlands Section and Physical 
Methods Group: Joint Meeting: Spectrofluorimetry: Dr. C. A. PARKER. Tesla Luminescence 
Dr. R. J. MAGEE. University, Edgbaston, Birmingham, 15. 7.00 p.m. Preceded by a visit to the Mond 


Nickel Co. Ltd. 3.00 p.m 


Friday 28 April 1961: Society for Analytical Chemistry, Western Section and Society for Chemical 
Industry, South Wales Section and Food Group: Joint Meeting: Modern Legislation in Relation to 
Food Additives Mr. C. A. Apams, C.B.E., B.Sc., F.R.LC Cardiff 
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Society for Analytical Chemistry, North of England Section and Scottish 
lon Exchanges Dr. T. R. E. KRESSMAN, F.R.1L.C. The Determination of 
Emphasis on the Use of Dead Titrimetr) l A. F. Wittiams, B.Sc., 


Hotel, Victoria Viaduct, Carlisle 


Vay 1961 Analytical Chemistry Subject Division and the Cornwall 
of the Chemical Institute of Canada: Syriposium trimetric Methods of 
will be devoted to one of the 

Electrometri« 
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De Genvering teccures 


Cornw ill, 


S | 3 temb 19 al Commission of the Chemical Committee of 


Polish Academy of Sciences with t Tere) the Polish Chemical Society and the Institute 
of Nuclear Research: /hird P ( ( ct lalysis. Jelitkowo near Gnansk 


ublished ina 


Komitsetu Nauk 


sh Standards 


supersedes the relevant parts of B.S. 954, ‘Lac’. Provision is 
espond approximately to six grades in ISO/R 55 ‘Seedlac’ and which 
le matter soluble in cold alcohol and colour index 

1atter insoluble in hot alcohol and method of 

clauses, covering the requirements of different 


non-volatile matter soluble in cold alcohol and 


upersedes the relevant parts of B.S. 954, ‘Lac’ 

approximately to the top five out of six grades in 

insoluble in hot alcohol, non-volatile matter soluble in 

rhe scope, appearance and colour, sample, matter insoluble in 
nethod of expressing the analytical results are specified. Optional 
are for colour index, volatile matter, matte 

ible in cold alcohol, ash, grit wax, flow, life under heat, acid 


c and lead. (Price 10s.) 
ndment Slip is also announced 


xls for the analysis of aluminium and aluminium alloys: Part 2 1952: Determina- 


Amendment No. 2: PD 3886. (Gratis) 
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PAPERS RECEIVED 


Selection of complexing agents for complexometric titrations: ERKKI WANNINEN. (21 November 1960) 


| 


Determination of water by near infrared spectroscopy: D. A. KeywortuH. (21 November 1960) 


Metallochromic indicators—X: A new mixed indicator for the chelatometric determination of calcium: 


V. Svopopa, V. CHromy, J. KOrst and L. Dorazit. (23 November 1960) 


Thermogravimetric decomposition of thorium 8-hydroxyquinolate: CROUTHAMEL and (¢ 


JOHNSON (28 Vovember 1960) 


Spectrophotometric determination of palladium with nitrilo-acetic acid: P.G. Desiperi and 
(29 November 1960) 


rhe anion-exchange separation of technetium, rhenium and manganese: MIROSLAV PirRs and ROBER1 
MAGEE (30 November 1960) 


Potentiometrische Titrationen—I: Allgemeine Betrachtungen und die Theorie chelatometrischer 


litrationen ohne Anwendung eines Indicators: H. FLASCHKA. (7 December 1960) 


Murexide (ammonium purpurate) as an indicator in thorium-ethylenediaminetetra-acetic acid titrations: 


SATANDRA PRASHAD SANGAL and ARUN K. Dey. (12 December 1960) 


Mitteilung iiber quantitative organische Analyse—XXVIII: Eine automatische Methode zur Mikro- 
bestimmung von Kohlenstoff, Wasserstoff und Stickstoff: M.Vecera. (14 December 1960) 


Applications de la chélatometrie—VII: Dosage volumétrique des o-acyl-phénols. CLAUDE HENNART et 
(Mme.) Yvette Lerevre. (15 December 1960) 


Spectrophotometric study of the complex of lanthanum and Alizarin Red S: TosHt KAWASHIMA 
HARUNO OGAWA and HIROSHI HAMAGUCHI. (19 December 1960) 


Spectrophotometric determination of thorium in low-grade minerals and ores: ANNA-LISA ARNFELT and 


INGA EDMUNDSSON. (19 December 1960) 


New colour reactions of elemental sulphur and carbon disulphide: T. URBANSKI. (19 December 1960) 


Use of “tagged” atoms for the investigation of precipitate exchange reactions: L. Erpey, D. HEGEDUS 


and I. Porusszky. (2 January 1961) 


Organic analysis—XXIX: A new spraying reagent for reducing sugars on paper chromatograms: 


TSUTOMU MOMOSE and MASARU NAKAMURA. (2 January 1961) 


Fluorometric determination of zirconium with quercetin: Separation of interference by extraction with 
ITA: Davip M. Hercu tes. (3 January 1961) 


Determination of fluorine in mineral waters using Xylenol Orange: ROMAN VALACH. (4J/anuary 1961) 


Salting-out chromatography—VII: Analysis of mixtures of dialkylphosphoric acids, alkane phosphonic 
acids and orthophosphoric acid: F. JAkos, K. C. PARK, J. Ciric and WM. RIEMAN III. (6 Januar) 
1961) 


litrimetric determination of vanadium" with sodium metavanadate using oxidation-reduction 
indicators: B. V.S. R. Murtuy snd G. GopaLa Rao. (9 January 1961) 


rhe latent heat of fusion of ethylene carbonate: R.F. Kempa and W. H. Lee. (10 January 1961) 
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rhe spectrophotometric determination of the ionisation constants of some derivatives of barbituric acid: 


MurRRAY E. TAYLOR and Rex J. ROBINSON. (10 January 1961) 


Applications de la chélatométrie—IX: Semi-microdosage de liode dans les substances organiques en 


présence des autres halogénes: CLAUDE HENNART. (13 January 1961) 


Extraction of arsenic’ from H,SO,-KBr solutions and its analytical use: K. STUDLAR. (16 Januar) 


1961) 


Colour reactions of some 1,4-dihydroxyanthraquinones with aluminium and beryllium: E. Guy 


OweENs II and JOHN H. Yor. (16 January 1961) 


Homogeneous precipitation from mixed solvents: Lester C. Howick and Jerry L. JONeEs. (16 Januar) 
1961) 


The determination of thiomalic acid: A. Il. BUseEy and SHAN FAN. (17 January 1961) 


rhe consecutive radiometric titration of several elements using the sodium salt of 1-dithiocarboxy-3- 


methyl-5-phenylpyrazoline containing sulphur-35: A.1. Busey and V. M. ByrKko. (17 January 1961) 


Contributions to the basic problems of complexometry—V: Mutual masking of iron and manganese: 
RUDOLF PRiBI 1d VLADIMIR VESELY. (19 January 1961) 


Isotopic dilution analysis by solvent extraction—IIL: Highly selective determination of trace amounts of 
mercury: JAROMIR RUZICKA and JiRI STARY. (19 January 1961) 
ritrimetric determination of titanium’ with sodium metavanadate—-|: Use of neutral red, phenosafranine 


(23 


or safranine-T as oxidation-reduction indicators: B. V. S. R. MurtTHy and G. GopaALa RAO 


y 1 
Ja tary ti 1) 


Potentiometric titration of titanium’ with vanadium”: : MurTuHy and G. GopaLa RAo 


L961) 


litrimetric determination of indigo sulphonate with potassium iodate: AO and N. VENKA- 


TESWARA Rao. (23 January 1961) 
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STUDY OF THE REDUCTION WAVES OF THE 
ISOMERS OF NITROPHENOL BY MEANS OF 
THE ALTERNATING CURRENT POLAROGRAPH 


TAKEO TAKAHASHI and HIDEKO SHIRAI 


Institute of Industrial Science, University of Tokyo, Japa 


(Received 2 May 1960 ccepted 30 October 1960) 


Celved 


Or the 
s were proportional to the concentratio 
ammonium chloride-ammonium hydroxide base solutio1 The reduction wa 
in certain base solutions were not solely diffusion-control | Chis applied tc 
phenol in 0-2M or stronger potassium hydroxide and in sodium carbonate solutiotr 
-nitrophenol in 0-5M to 0-8M potassium hydroxide solutions and o-nitropher 
DH range 4-7. Because the a.c liffusion-cont 


preferred to d.c. polarography f¢ ) nination ¢ uitrophenol isom 


INTRODUCTION 
[HE reduction waves of the three isomers of nitrophenol (0-, m- and p-nitrophenol) 
have been studied extensively by means of the direct current polarograph. The values 
of the half-wave potentials in many supporting electrolytes of various pH values have 
been measured and the existence of two reduction waves due to the undissociated and 
dissociated nitrophenol was established by Shikata and Watanabe.’ Astle and 


McConnell? and Oeshpande and Parthasarathy’ discussed the difference between the 


polarographic behaviour of p- and o-nitrophenols in acidic solution. They concluded 


that through hydrogen bonding o-nitrophenol forms intermolecular compounds which 
are stable during the polarographic reduction in acidic solution. 

In the present paper, the authors describe the a.c. polarographic behaviour of 
nitrophenol isomers, keeping in mind its possible application to chemical analysis. 

Since the a.c. polarograms of o-, m- and p-nitrophenols showed higher wave 
heights in alkaline solution than in acidic solution, mainly alkaline base solutions were 
employed for this work. 

rhe a.c. polarograms of nitrophenol isomers in alkaline solutions were found to be 


solely diffusion-controlled. 


EXPERIMENTAI 
{pparatus 
he self-recording d.c. and a.c. polarographs used were constructed in our laboratory; details 
have already been reported.* In the present experiments, except in a few cases, addition of gelatine 
to the supporting electrolytes was not made. An agar-agar bridge was used for the connection 
between sample solution and calomel electrode 
Hydrogen gas was employed for the removal of the dissolved oxygen. 


imposed on the d.c. voltage was 10 mV and the other conditions were as follows: 


The a.c. voltage super- 


Capacity of the standard condenser (Cs) 0:2 ul 

Standard résistance (Rs) 0-5 KQ. 

Mercury drop rate (7) 2:79 mg/sec. 

Mercury drop time (¢) = 4 sec (in 1N KOH solution and at 1:0 V). 


I 177 
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RESULTS 


1.c. and d.c. polarograms in sodium carbonate and sodium phosphate solutions: 
shows the a.c. (a) and d.c. (d) polarograms of p-nitrophenol in 0-25M sodium 


hese polarograms indicate the existence of two reduction waves. 
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ims of ImM p-nitropheno 
irbonate solution 
0-4 mV) 

irbonate solution 


12 mA) 


e solution with 0-001 


with 0-001 gelatine 


gelatine 


rat 


lhe first wave has its peak potential at —0-94 V v. NCE and the second wave that at 


1-42 V vy. NCE in the a.c. polarogram. In the d.c. polarogram (with 0-001 % gelatine) 
the half-wave potential of the first wave is at —0-99 V vy. NCE and its total wave 
nost equal to that of the single wave height of the d.c. polarogram (c) in 

Table I shows the 


height is alm 
1-8 sodium borate solution (pH 9-8) with 0-001 % gelatine. 


BETWEEN THE FIRST ““WAVE HEIGHTS” IN D.¢ 


RELATIONSHIP 
CONCENTRATION OF 


>OLAROGRAMS AND THI SODIUM CARBONATI 
tration of Na.CO,, M 0-1 


oncen 


1-04 1-02 


relationshi 


concentration of sodium carbonate. 


p between the first “wave heights” in d.c. and a.c. polarograms and the 
According to Table I, the first ““wave height” of the d.c. polarogram increases with 


the concentration of the supporting electrolyte, but that of the a.c. polarogram remains 
almost constant. Similar results were found in the case of 0-35M sodium phosphate 
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TABLE Il RELATIONSHIP BETWEEN THE ““WAVE HEIGHTS” OF A.¢ 


POLAROGRAMS AND PH IN SODIUM PHOSPHATE SOLUTION 
pH 2-8 12:6 


1-04 


solution. However, Table Il shows the “wave heights” obtained fo1 
polarograms using sodium phosphate solution of different pH values. 

In the above experiment the pH value was changed by addition of disodium 
orthophosphate to trisodium orthophosphate, but the total concentration of phosphate 
was held constant (0:35M). As shown in Table II, the height of the first wave of the 
a.c. polarogram increases with pH, but that of the d.c. polarogram decreases 


Fig. 2 shows the relationship between the height of the first wave of 


polarogram of p-nitrophenol in 0-50M sodium carbonate solution and V h. The line 
(a) does not pass through the origin. The control line (b) which refers to the “wave 
height” of ImM lead nitrate in 0-2A potassium hydroxide solution, passes through 


the origin. It is considered that the first waves of d.c. polarograms of p-nitrophenol 


Fic. 2 Relationship between wave height of the d.c. polarogram ar 
(a) 1lmM p-nitrophenol in 0-5M sodium carbonate solution 
(scale, 20 12 mA) 
(b) ImM cadmium sulphate in 0-SN NH,OH-0°5M NH,CI solution 
(scale, 20 12 wA) 


Temp. 25 


in sodium carbonate or trisodium orthophosphate solutions include the kinetic 
current are not solely diffusion-controlled. 
(ii) A.c. and d.c. polarograms in potassium hydroxide solution: The a.c. and d.c. 


polarograms of p-nitrophenol show two reduction waves in potassium hydroxide 
solution as in the case of sodium carbonate or trisodium orthophosphate solution. 
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TABLE III HALF-WAVE POTENTIAL AND PEAK POTENTIAL Of 


NITROPHENOL IN POTASSIUM HYDROXIDE SOLUTION 


entration of KOH, A 


he half-wave potentials and the peak potentials for p-nitrophenol 

‘tassium hydroxide respectively 

> polarograms (a) and (b) show the a.c. polarograms 1n IN and 0:2A 
ydroxide solutions and (a’) and (b’) show the d.c. polarograms in these 


m a comparison between them, it is found that the first ““wave height” 
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Alii Mn | ui NV 
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1M p-nitrophenol in potassium hydroxide solution 
1N KOH (scale,20 0-4 mV) 
1N KOH (scale, 20 12 uA) 

1 0-2N KOH (scale, 20 0-4 mV) 

0-2N KOH (scale, 20 12 uA) 


>) 
n 5 


is smaller than the second “wave height” in the d.c. polarograms but in the a.c. 
polarograms tl irst “wave height” is much greater than the second “‘wave height” 
The effect is more noticeable in more dilute potassium hydroxide solution. The first 


‘““wave height” in the d.c. polarograms increases with the concentration of potassium 


hydroxide, as with sodium carbonate or trisodium orthophosphate solutions (see 
Fig. 4). The first wave for the a.c. polarograms is unaffected by the concentration of 
potassium hydroxide (see Table IV). 

lhe first “wave height” in the d.c. polarograms also increases with concentration 
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TABLE IV THE CHANGE OF THE FIRST-WAVE HEIGHT OF A.C. AND D.¢ 


POLAROGRAMS WITH THE CONCENTRATION OF POTASSIUM HYDROXIDI 
Concentration of KOH, N 0-2 
The first ““wave height” a.c.. i 1-20 
10-7 
of salts such as potassium nitrate, sodium chloride, potassium bromide, added to 


0-2N potassium hydroxide solution, but the “wave height” for the a.c. polarograms 


shows no change. The addition of 0-001 % gelatine has little effect on the first and 


second “wave heights” of the d.c. polarogram but suppresses the maximum phenome- 


non of the second wave. 


Relationship between wave height the of d.c polarogr 
(ImM p-nitrophenol in KOH of various concentrat 
(a) in 0-2N KOH 0-2M NaCl 
(b) in 0-2N KOH 
(c) in 1M KOH 
(d) in 0-1N KOH 0-9M NaCl 
(e) in 0-1N KOH 


(scale, 20 12 “A) Temp 


Fig. 4 shows the relationship between the first “wave heights” of the d.c. polaro- 
grams of ImM p-nitrophenol in potassium hydroxide solution and Vh. The line 
(e), which refers to the d.c. polarogram in 0-1 N potassium hydroxide solution, passes 
through the origin, so that the first wave of p-nitrophenol is solely diffusion-controlled 
in this solution. However, if 0-9M sodium chloride is added to 0-1N potassium 
hydroxide the line (d) deviates from the origin, showing the addition of the kinetic 
current to the diffusion current. This also applies to the d.c. polarograms in KOH 
solutions of higher concentration than 0-1N. From the relatively small change of the 
first ‘“‘wave height” in a.c. polarograms it is evident that a.c. polarography is free from 


kinetic current. 
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satlieasl J J 
methyl alcohol) 


grams in potassium hydroxide solution: Fig. 5 shows the a.c. 
[mM m-nitrophenol in potassium hydroxide solution. 
solution the d.c. polarogram (a) does not show the first 

1.c. polarogram (a’) shows two distinct reduction 

the second peak at 1:24 V v. NCE). However. 

i.c. and d.c. polarograms show the single 

>. half-wave potential at —0-79 V). The wave 


-nitrophenol is about two thirds that of p-nitrophenol 


Tiled yee 


polarogram mM m-nitropheno 
1 0-2N KOH leatie, 38 12 #A) 

n0-2N KOH (scale, 20 0-4 mV) 

n1N KOH (scale, 20 2 WA) 
IN KOH (scale, 20 


under similar conditions, but the a.c. peak height of m-nitrophenol is equal to that 
of p-nitrophenol and does not change with the concentration of potassium hydroxide 
solutior 

Also it was found that the d.c. polarogram of m-nitrophenol in 0.1N potassium 
hydroxide solution shows a single wave instead of two reduction waves when about 
0.6M solutions of such salts as sodium chloride, or potassium nitrate are present. 

Fig. 6 shows the relationship between the wave height of | mM m-nitrophenol in 
0-SN ammonium hydroxide solution and V h. The line (a) passes the origin, but other 
lines (b), (c), (d) such as those in 0-SN ammonium hydroxide and 0.4M sodium 
chloride solution, 0°8N or 0-5N potassium hydroxide solutions, do not pass through 
the origin, so that they are contaminated with the kinetic current. As a check the 
polarography of !mM cadmium sulphate in 0-5M ammonium chloride-ammonium 
hydroxide solution was examined soon after the above experiment and it was confirmed 


that the line for wave height plotted against \ h passed through the origin. 
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Relationship between the wave height of th 
m-nitrophenol and V h 
(a) ImM m-nitrophenol in 0-SN NH,OH (scale, 20 ‘ 
(b) ImM m-nitrophenol in 0‘5N NH,OH 0-4M NaCl 
(scale, 20 
(c) 0‘SmM m-nitrophenol in 0-8N KOH (scale, 20 
(d) ImM m-nitrophenol in 0-SN KOH (scale, 20 


Temp. 25 


Nitrophenol (in 1°, methyl alcohol) 


(i) A.c. and d.c. polarograms in potassium hydroxide solution: Fig. 7 shows the 
a.c. and d.c. polarograms of | mM o-nitrophenol in I N and 0-1N potassium hydroxide 
solutions. In IN potassium hydroxide solution the d.c. polarogram (a’) is obviously 
a single wave (half-wave potential at —0-89 V) with a height almost equal to the total 
“wave height” of the d.c. polarogram of ImM p-nitrophenol in 1N potassium 
hydroxide solution. The a.c. polarogram (a) of o-nitrophenol shows a lower peak 
height (at —0-92 V) than does either p- or m-nitrophenol, and for a concentration of 
less than 0-5N potassium hydroxide the a.c. polarogram (b) of o-nitrophenol shows two 
distinct reduction waves (the first peak at —0-88 V, the second peak at 1-01 V), while 
the d.c. polarogram (b’) shows still only a single wave (half-wave potential at 0°87 V). 

(ii) Relationship between wave height of d.c. polarograms in potassium hydroxide 


solution and Vh: Fig. 8 shows the relationship between the “‘wave height” of d.c. 


polarograms of |mM o-nitrophenol in 0:2 potassium hydroxide or 0:-5M ammonium 


chloride-ammonium hydroxide solution and V h. The lines (a) and (b) pass through 
the origin as indicated in Fig. 8 and it is confirmed that their limiting currents are 
evidently diffusion-controlled. 

rhe d.c. polarogram of 1mM o-nitrophenol shows a lower “wave height” in acetic 
acid-sodium acetate solution (pH 4 ~ 6, the total amount of acetate ion being 0-5M) 
than in 0-2N potassium hydroxide solution. The relationship between the “wave 
heights” and V h is given in curves (c), (d) and (e) in Fig. 8, which do not pass through 


the origin. However, at pH 9 the curve passes through the origin and the ““wave 
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Relationship between wave height and V h (lmM o-nitrophenol) 
(a) inO-2N KOH (scale, 20 12 wA) 
(b) in 0-SN NH,OH 0-S5SM NH,Cl (pH 9) 
(c) in NaAc HAc (pH 7) (scale, 20 8 uA) 
(d) in NaAc HAc (pH 4) (scale, 20 = 8 wA) 
(e) in NaAc HAc (pH 6) (scale, 20 12 wA) 


na 
Temp. 25 
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height” is near that obtained in 0-2N potassium hydroxide solution. Therefore it is 


evident that the d.c. polarogram of o-nitrophenol is contaminated with the kinetic 


current in the range pH 4 ~ 7, but free of the kinetic current and solely controlled by 


diffusion at a pH above 9. 


D ot ond sal P 41 ’ . nt 
(Jil) Re ationship he [wee ave height lil ” oa polarogran s and concen ration 
: ’ 7 1 j 
of o , m-, and p-nitrophenol: Fig. 9 shows the calibration curves for o-, m-, and 


p-nitrophenols in 0-2N and 2N potassium hydroxide solutions in the a.c. polarograms 
The curves pass through the origin, and show a linear relationship between the 
itions of nitrophenol isomers and thet 


DISCUSSION 


tr . lic rediiced th ] lac ta? mMmoanhen ' henal 
Nitrophenol ts reduced on e electrode surface to p-aminopheno Nitropl eno 


gives the same magnitude of wave height as p-nitrophenol at a pH above 9, so that it 


should S I 


reduced to o-aminophenol in a parall to p-nitrophenol. But at a pH 


electrode reduction is 


| 


luction is not solely 


IVeS 


below 9, o-nitrophenol g 
sarently not so complete.- rec 

usion-controlled 

m-Nitrophenol shows a lower “wave height” than p-nitrophenol, 


reduced completely to p-aminophenol. The present study shows that the reduction 


wave of m-nitrophenol is lely diffusion-controlled in O-SN or 0-8N potassium 


hydroxide. and in 0:-5M ammonium hydroxide and 0:-4M sodium chloride solutions 


The d.c. polarograms of p-nitrophenol show two reduction waves in 0:2N ~ 1A 


Calibration curves of nitrophenol isomers by a.c. polarography 
2:5 mM m-, and 2 mM p-nitrophenols in 0‘:2N KOH 
(scale, 20 = 0-4 mV) 
mM p-nitrophenol in 2N KOH (scale, 20 = 0-4 mV) 
mM m-nitrophenol in 2N KOH (scale, 20 = 0-4 mV) 
mM o-nitrophenol in 0-‘SN NH,OH-0-:5M NH,CI 
(scale, 20 = 0:2 mV) 
Temp. 25 
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potassium hydroxide solution and its first wave includes the kinetic current. Therefore 
it is considered that it is impossible to interpret the electrode reaction correctly since 
yn wave includes the kinetic current. Since the kinetic current refers to the 
equilibration, it is concluded that in these solutions the isomers exist 

states, which are in mutual equilibrium. 
viewpoint of analytical chemistry, a.c. polarography is more easily 
the polarographic determination of nitrophenol isomers than d.c. polar- 
gray because the former is free from the kinetic current. There is a good linear 
relationship between the concentrations of the isomers and wave heights, which does 
concentration of supporting electrolytes such as potassium 


j 


hydroxide 
Zusammenfassung e Wellenhéhe in Wechselstrompolarogrammen von o-, m- und p-Nitrophenol 
Amoniumchlorid-Ammoniaklésung sind nahezu proportional der Konzen- 

ynswellen im Gleichstrompolarogramm sind durch kinetische Str6me 

Wechselstrompolarographie nicht der Fall ist, kann letztere sehr vor- 


Nitrophenolisomere herangezogen werden 


en courant alternatif des o-, m- et p-nitrophénols 
ration en solution de potasse ou ammoniaque- 


ni ces vagues de réduction dans les polarogrammes en courant 


nt cinétique. Celui-ci n’apparait pas normalement en polarographie a 
I I > 


néthode est beaucoup plus pratique pour le dosage des isomeres 


NCES 
1928, 4, 924. 
1943, 65, 35 


Chem. Soc., 1958, 35, 399 
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THE SEPARATION OF SUB-MICROGRAM AMOUNTS OF 
URANIUM FROM MILLIGRAM AMOUNTS OF IRON, 
ALUMINIUM AND PLUTONIUM 


D. G. BOASE and J. K. FOREMAN 
rd Atom 


om 


Summary—A separatio 


sub-microgram quantities Ol 


CTION 


THE separation described was devel -d to meet a requireme! the determination 


of the uranium content of solutions containing 0-05—1-0 us uranium per ml in 
|-2M nitric acid containing 0-02-0-03M iron, 0-01M nd 0-001—0:005M 


plutonium. The uranium content of such solutions can be determined by direct 


fluorimetry! but two factors militate against this approach. Firstly, the concentration 


of the major components of the solution is sufficient to cause considerable quenching 


of the uranium fluorescence? and correction for this tends to be inaccurate at the low 
concentrations of uranium involved. Secondly, the presence of plutonium limits the 
size of the sample aliquot which can be handled without resort to glove-box working, 
and this in turn limits the attainable sensitivity of the procedure. 


1e uranium from the inter- 


For the above reasons, a procedure for separating tl 
fering ions was desirable. The method selected is based upon the fact that if the 
sample is made 10-11 M in hydrochloric acid in the presence of a suitable reducing 


and plutonium!!, all 


agent the contaminants will be present as iron!, aluminium"! 
of which will pass unadsorbed through an anion-exchange resin column under these 
conditions, whereas uranium’! will be retained by the resin and can subsequently be 
eluted with dilute hydrochloric acid.’ Hydriodic acid proved to be a suitable reducing 
agent, and this system, with minor modifications to improve de-contamination from 
iron, yielded pure solutions of uranium ideally suited for fluorimetric analysis. 


EXPERIMENTAI 

R agents 

Test solution: Preliminary experiments were carried out using a synthetically prepared stock 
solution having the composition: 0-1 ~g of uranium/ml, with 0-004M plutonium, 0-03M iron", 
0-015M iron" and 0-01M aluminium in 1-5M nitric acid. 

11M Hydrochloric acid/7%, hydriodic acid: This eluent was chosen, since earlier experience had 
shown that it gave efficient conversion of plutonium to the tervalent state and effectively separated 
plutonium from uranium on the resin column. It was necessary to remove iodine from commercial 


hydriodic acid before incorporating it in the eluent 
0:6 cm) of Deacidite FF in the chloride form. The life of the 


This was achieved by passing the commercial 
solution through a column (20 cm 
column could be prolonged by first removing the bulk of the iodine, by shaking the hydriodic acid with 


18 
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The 11M hydrochloric acid/7 % hydriodic acid was prepared freshly 


glass vessels, approximately 10cm in length and of 0-4-cm outer 

eservoir of some 10-ml capacity at the top and with a tap at the bottom. The 
dried and ground to pass 60-80 mesh, and 0-5 g was packed into each 
conditioned to the chloride form and treated with 11M hydrochloric acid 
iddition of each sample. Use of the hydrochloric acid/hydriodic acid eluent 
h was taken on the resin. This could be removed with some 


in with sodium hydroxide but, in general, replacement of the resin as 


divided into two equal portions, each of which was 

num capsule under an infrared heater. To one of these 

i standard solution to serve as an internal calibration 
> 


20° with 0-6 g of flux (90°, sodium bicarbonate/10 ° 


n, the fluorescence of each capsule was read in a 


ition procedure, several experiments were performed as 

was pipetted into 2 ml of 11M hydrochloric acid/7°%, hydriodic 

rhe solutions were mixed and allowed to flow through the 

The column was washed with a further | ml of the mixed acids and the 


volumes (1—4 ml) of 0-1M hydrochloric acid. -The uranium content of 


ESULTS AND DISCUSSION 


[he eluates were contaminated with iron, which caused quenching of the uranium 


luded accurate determination of the amount of uranium re- 


fy) . . . 
fluorescence ‘ C 


COV 78 


Recoveries were therefore established by the use of a uranium-233 tracer. 


> ie 


RECOVERY OF 0-1 “wg OF URANIUM-233 IN THE ABSENCE OF OTHER 


CATIONS 


Volume of Total amount of 


ite (0-1M HCl) collected, 7 uranium eluted, 


0-056 
0-O8S 
0-094 
Q-Q99 


RECOVERY OF 0:1 “2 OF URANIUM-233 FROM TEST SOLUTION 


0:096 0-090 0-075 0-080 0-10 0-084 


z-Counting of the hydrochloric acid eluates showed a good recovery of the uranium- 


233, both alone and in the presence of the test solution, and also indicated that 4 ml 





Separation of sub-microgram amounts of uranium 189 


of 0-1M hydrochloric acid adequately eluted the uranium. Typical results are given 
in Tables | and If. The aluminium content of the eluates was shown by the aluminon 
method? to be less than 5 yg. 

rhe presence of iron in the uranium eluates is due to incomplete reduction, since 
iron!! js not adsorbed on anion-exchange resins from chloride solutions.? 11M 
Hydrochloric acid/7°, hydroxylamine hydrochloride, 11M hydrochloric acid/7‘, 
hydrazine hydrochloride and 9M hydrochloric acid/7‘, ascorbic acid were tried as 
alternatives to 11M hydrochloric acid/7°%, hydriodic acid in attempts to improve the 
efficiency of the reduction of iron!!, but without success. Evidently efficient reduction 
to iron! occurs only at lower chloride concentrations where complexing of the iron!!! 
by chloride is less complete. Maximum removal of iron should be obtained by in- 
corporating an intermediate column wash, using the reducing agent in hydrochloric 
acid of concentration as low as possible consistent with maintaining the uranium 
completely in the resin phase. It was demonstrated that a 2-ml wash with 4M 
hydrochloric acid/7 ° hydriodic acid removed iron almost completely from the column 


TABLE III APPLICATION OF METHOD TO 1 ML OF TEST SOLUTION 


Uranium recovered, jug 0:08, 0-09, 0-13, 0-14, O11, 0-13, 0-10 
0-11, 0-08, 0-08 


olumn blank, as “g of uranium 0-01, 0-006, 0-009, 0-008 


without prejudicing the good recovery of uranium. Subsequent elution of uranium 
yielded solutions of sufficient purity to eliminate quenching in the fluorimetric analyses 
which followed. 

The following procedure has been used successfully both on aliquots of the test 


solution and on a considerable number of sample solutions: 


Procedure 

Add 1 ml of the relevant solution to 2 ml of 11M hydrochloric acid/7%, hydriodic acid in the 
column reservoir. Mix the solutions and allow them to flow through the column at 0-4 ml/min. Wash 
the column with 1 ml of 11M hydrochloric acid/7 °% hydriodic acid followed by 2 ml of 4M hydro- 
chloric acid/7 °%% hydriodic acid at the same flow rate. Elute the uranium from the column with 4 ml 
of 0-1M hydrochloric acid, again at 0-4 ml/min, and subject the eluate to fluorimetric analysis by the 
standard procedure. Perform occasional blank determinations on the column using the above 


procedure in the absence of uranium 


lable III shows a number of results obtained using the test solution; evidently 
0-02 wg of uranium per ml represents a reasonable lower limit for the method. 

x-Counting of the uranium eluates showed that the plutonium content was in all 
cases less than 0-4 wg, representing a decontamination over the column of better 
than 2000. 

\ number of samples were received in which the foreign ion concentrations were 


appreciably lower than those quoted for the test solution. Such samples were 


analysed by direct fluorimetry and corrected for quenching effects’ as well as by the 
ion-exchange procedure. The results are shown in Table IV and indicate satisfactory 
agreement in all cases. 


Clearly the method will separate uranium from other elements in addition to 
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lintum and plutonium, the criterion for separation being that the element, 


valency state thereof, does not form chloride complexes which can be 


adsorbed on the anion-exchange resin. The most serious interference is likely to be 
ng anions. Such interference has not been systematically studied, but 


f 0-05M 


due 


noted during the present work that sulphate at a concentration o 


nterference 


lr FLUORIMETRY AND ION EXCHANGE/ FLUORIMETRY 


ntration by Uranium concentration by 


thod, ug/ml lirect method, ug/ml 


1 ‘ t resul ven il able 1V were obtained by Messrs. E. B. Astridge and 
W.D 


Zusammenfassung hode wurde entwickelt um die fluorimetrische Bestimmung 


Gegenwart von Miuilligrammengen Eisen, Aluminium und 


ird mit einer Jodwasserstoff enthaltenden, starken Salzsaure 
ustauschersdule geschickt. Das Uran wird in der Saule zuriick- 


ter Salzsaure eluiert 


Resume int une méthode de séparation pour faciliter le dosage fluori- 
métriqu intités inférieures au microgramme d’uranium en présence de quantités de l’ordre du 
] t 


milligt imi ier aluminium et de plutonium 


yncentré contenant de l’acide iodhydrique et on le fait passer sur une colonne 


L’échantillon est mélangé avec une solution 


ons. Seul uranium est retenu sur la résine, il peut étre ensuite élué par de 
lilue 
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THE DETERMINATION OF OXYGEN, HYDROGEN, 
NITROGEN AND CARBON IN METALS 


A REVIEW 


W. G. GULDNER 


Bell Telephone Laboratories Incorporated, Murray Hill, New Jersey, U.S.A 
(Received 1 November 1960 {ccepted 23 Nove mber 1960) 


Summary—A review of the methods for determining oxygen, hydrogen, nitrogen and carbon is 
presented. Recent developments in apparatus and techniques which have contributed materially to 
more precise and high speed analyses are discussed. Inert gas fusion is reviewed, together with recent 
advances that have contributed towards making this apparatus a very flexible and excellent control 
tool. Since a large number of metals require a bath or flux in which to alloy the sample, a critical 
review is presented of the platinum bath, platinum flux, and intermittent bath injection methods 
Recommendations for further development are for methods which are capable of analysing high 
purity metals containing less than 10 ppm, and for methods where the amount of sample is limited 
Also new methods or techniques should be investigated for the determination of nitrogen in metals, 


especially in the refractory metals and alloys 


Most metals contain measurable amounts of carbon, oxygen, hydrogen and nitrogen 
which have been introduced through processing i.e., melting, rolling, annealing, 
etching, etc. In order to meet specifications for a given application, it is necessary to 
establish the order of magnitude of these impurities. Since the materials vary greatly 
in their impurity level, the selection of the most suitable analytical method is of prime 
importance. The apparatus selected should, under ideal circumstances, be based on 
the following criteria: 

Sensitivity 

Range 

Adaptation to impurity 

Availability of apparatus 

Speed of analysis 

Cost 

Several methods have been proposed and used for measuring the gas content of 

metals. Most of these methods are limited to the determination of oxygen only. 


Solution method 

This method! is based on the solution of the metal to leave the insoluble metal 
oxide. Cunningham and Price” investigated this technique for the determination of 
oxygen in iron, and encountered some difficulty because of the formation of insoluble 


iron compounds. Samples weighing 5—10 g were agitated in a solution of iron'! iodide. 


Further separations and determinations of the silicon, manganese, iron and aluminium 
content of the residue were required before a calculation could be made. The method 
is most adaptable to samples of high oxygen content and provides results which give 
an estimate of the metallic composition of the oxide. 


191 





W. G. GULDNER 


[his method is based on the vaporisation of the metal at 800° in a stream of chlorine. 
residual metal oxide is weighed. The method is adaptable to metals of relatively 
content. Lilliendahl, Wroughton and Gregory’ applied this technique 
ination of oxygen in zirconium. The method is subject to many correc- 
ed necessary by side reactions such as that between carbon and metal 
contamination of the oxide by other metal oxides requires a correction 


| impurity analysis. The precision is only about 0-02% based on a 
has some applications but, in general, it has been 


miques 


metal sample is heated with graphite, in a stream of helium or 
In this manner, the oxygen 1s converted to carbon monoxide. 
le metal bromides are removed in dry-ice traps. The carbon 


ed to carbon d 


ioxide, absorbed in Ascarite and weighed. This 
nethod is adaptable to the determination of oxygen in metals in the range of 100 to 


SU) ppn 


Emission spect tric method 


1 


ictal sample is excited in an inert atmosphere of argon with a d.c. carbon arc. 


Then 


mM | 
lhe method is rapid, and has been found to give results comparable with those from 


the vacuum fusion method when applied to the determination of oxygen in refractory 
metals. Further extension of this method through refinements in technique and 


apparatus ma} result in its application to determine low concentrations. 


dilast 
lsote pe adulu 


rhe sample is heated with a measured amount of 'O introduced as an isotope- 
enriched metal powder. The sample and the enriched alloy are heated in a graphite 
crucible to establish an equilibrium of oxygen-16/oxygen-18. At the point of equi- 
librium, the oxygen-16/oxygen-18 ratio is identical in all compounds and phases. The 
new diluted ratio is measured with a mass spectrometer. The method offers one main 
advantage over fusion methods in that a complete removal of the oxygen is not 
necessary. The technique® is in limited use for metals because it requires a good high 
vacuum apparatus for establishing the equilibrium in addition to a mass spectrometer 
for analysis. However, since stable isotopes are available for nitrogen as well as for 
oxygen, the method offers several unique applications. The best lower limit approxi- 


mates to 10 ppm. 


{ctivation method 


[his method’ is based on surrounding the sample with lithium fluoride during 
irradiation by neutrons generated from a pile. The neutron reaction ®Li(n,x)*H 
produces a source of tritons, “H. These tritons activate the oxygen nuclei in the 
sample to produce '*F by the secondary reaction O(®H,n)'*F. The F decays by 
positron emission. The positrons are accompanied by annihilation y-radiations which 
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are used to complete the analysis by y-scintillation spectrometry. The general use of 
this method is restricted because of the requirement of a strong neutron source. The 
method is not suitable for the determination of trace quantities of oxygen, hydrogen 
and nitrogen, since these elements have a low probability of neutron absorption or a 


very short half-life for the radioactivity. Metals have been analysed for oxygen by 


this technique in the range of 10 ppm and above. 


Infrare d absorption method 


The presence of dissolved oxygen in a semi-conductor may affect infrared absorp- 
tion. Kaiser, Keck and Lange* found that there was an absorption band at 9 w in 
silicon which corresponded to the asymmetric silicon-oxygen stretching bond vibra- 
tion. Similarly, there is an absorption band at 11-7 u corresponding to oxygen in 
germanium.” These are the only two semi-conductors that have been studied by 
this method. The method was calibrated by vacuum fusion. This technique has been 
applied to samples containing 20 ppm of oxygen or less, with good sensitivity in 


the low concentrations. It has been applied to single crystal material. 


Inert gas fusion 


rhe metal sample may be melted in a graphite crucible, in an inert atmosphere of 
argon. The oxygen in the sample is converted to carbon monoxide, which is oxidised 
to carbon dioxide. The carbon dioxide formed may be absorbed in Ascarite and 
weighed, or even better, may be absorbed in dilute barium hydroxide. The change in 
conductivity of the barium hydroxide solution is measured as a function of the oxygen 
content. A calibration curve is established by fusing a known amount of an oxygen 
standard and measuring the resistance change. From this curve, the oxygen content 
of the sample can be determined. The method is applicable to samples containing 
oxygen from 10 ppm upwards, but it is more generally used for oxygen in excess of 


50 ppm. The procedure is rapid, and very suitable for control work. 


Vacuum fusion method 


On fusing the metal sample in a graphite crucible, in vacuum, the oxygen in the 
sample is converted to carbon monoxide, and hydrogen and nitrogen are evolved. 
Provisions are made for determining the gas composition. This is the most versatile 
tool, since it can measure and analyse the total gas. Also, it currently is the most 
sensitive. This feature makes it possible to analyse high purity materials or samples 
when the amount available is limited. The most satisfactory working range is from 
10 to 2000 ppm. Some investigations have been carried out at 10 ppm and below 


through special refinements in technique. 


Hot extraction method 


In many instances the measurement of the hydrogen content of the metal is of 
sole importance. This measurement is most readily made by hot extraction. The 
principle of the method is based on extracting the hydrogen from the metal by heating 
in vacuum at about 1200°. The hydrogen evolved is collected and measured. For 


samples which give small amounts of other gases in addition to hydrogen, provisions 
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separation from ogen. The analysis time is generally of 


of carbon and oxygen, and when heated 
depending on the tempera- 


ital studies of 


> > at 
presence Ol 


carbon in metals can be 
-cessary in others, it becomes of prime 
ent of the carbon content as well as of 
bon depends on the combustion of the 
1d measurement of the carbon dioxide. 
Ascarite and weighing, 

amount of carbon dioxide 
measuring the change in conductivity, 
In the last case, the carbon dioxide is 
is removed to vacuum pump, and the 


e conductivity 


an excelent 


in metals. Smiley'!>!* carried out the 


f argon. The argon acts as a carrier 

ised to carbon dioxide. The 
with liquid nitrogen, the argon is 
Les 


carbon dioxide pressure 1S measured in the gas 
i be 


dure requires about 12 min per determination. 
is technique by combining inert fusion witha 
the carbon dioxide. The apparatus is shown 
[he carbon dioxide is absorbed in dilute barium hydroxide, 
conductivity is measured. This method offered a new and rapid 

mining oxygen in metals. The analysis time is about 8 min. 
| work has shown that the application of this method can be 

{ 
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It has been customary to set up a standard calibration curve by 
silver oxide in the graphite crucible and measuring the change in 
to the carbon dioxide. Because of the inherent problems in handling 


ounts of silver oxide, the use of potassium hydrogen phthalate offers 


rate manner in which to prepare oxygen standards. In order to 
, several concentrations of potassium hydrogen phthalate are 
\ measured amount (0-2 ml) is transferred with a micro- 
volume >0-2 ml. These cups are placed in holes in a 

to dryness at a temperature not to exceed 100°. After 

are flattened with a spatula and rolled into a 

standards containing 10 to 2000 wg of oxygen can be 

| 


> use. In Fig. is shown a typical calibration 


he barium hydroxide concentration is 15 9/18 


1 Calloration Curve 


lrogen phthalate 


ice ake 
> curve represents an average of two to five determinations. 

obtained with potassium hydrogen phthalate are in good agreement with 
with silver oxide. Over this entire range, 0-1600 ug of oxygen, there 
from a straight line relationship. This deviation is negligible over any 
1e@ Curve. 
lication and range. Initially, it was recommended that the 

1 to determinations in the range of 100-400 wg of oxygen. This was 
mply by adjusting the sample size. It is evident from Fig. 2, that any 


of the curve is equally good. Therefore, it is advisable to run the 
t, then establish a calibration point on each side of the sample. A straight line 
drawn between these points (400-~g range) will introduce a negligible error. 

In some instances where the oxygen content is high e.g., ferrites, it is still not 
possible to reduce the sample size sufficiently to fallin a good working range. However, 
these high oxygen materials can be readily analysed by inert fusion, by substituting an 
Ascarite absorption tube for the conductivity cell. Samples weighing about 50 mg will 
give a weight gain of 40 mg of carbon dioxide, since one oxygen is picked up from the 


Microsyringe—0-25 ml micrometer adjustment—Scientific Glass Apparatus. 
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iodine pentoxide in the oxidation of the carbon monoxide to carbon dioxide. In 
carrying out reductions on ferrites, it is necessary to drop the sample into the crucible 
at ambient temperature, then switch on the induction heater to bring the temperature 
to 1650". The reduction takes place at a sufficiently high temperature to favour the 
formation of carbon monoxide, yet slowly enough to prevent overloading the oxidising 
reagent and blowing the sample out of the crucible. 

Currently, several gas metal studies have required the measurement of oxygen 
below 50 ppm. This has been found to be especially true in working with materials 
for electronic devices. When small amounts of oxygen are being determined, the 
barium hydroxide can be diluted. The barium hydroxide solution used for this work 
contains only 5 g/18 litres. A resistance change of | 2 is equivalent to only 1 or 
1 


ppm. In this manner, it is now possib 


I 


e to determine oxygen rapidly in metals 
below 50 ppm with a standard deviation of about 3 ppm. 

One outstanding advantage of this method is that the fusion is carried out in an 
inert atmosphere. The argon gas suppresses the vapour pressure of the metals and 
prevents excessive deposition on the walls of the furnace. This opens an entirely new 


field of study by making it possible to determine the gas content of metals which have 


a high vapour pressure, heretofore not amenable to vacuum fusion. For example, 


metal oxides of aluminium and zinc can be quantitatively analysed. 


Hot extraction method 

It has been found that hydrogen present in metals may have a marked affect on the 
ductility. Also, “hydrogen embrittlement” has been associated with failure of metal 
parts. Surface blistering and blow holes have also been found to be related to the 


hydrogen content. 








Hydrogen extraction apparatus 
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nany of the metals lose their hydrogen on standing, especially in vacuum, it 


to analyse these samples as rapidly as possible. This factor necessitates 


of the sample into the apparatus for immediate analysis. Most units for 


ydrogen have a vacuum lock which permits the immediate injection of the 
-conditioned anal 


lytical station. In Fig. 3 one unit is shown which 
One feature of this apparatus is the introduction of 
vacuum lock. The sample is placed in the glass 


tapered joint. The cap is replaced and is made 


Che air about the sample is evacuated by opening 
on, S7 is closed and S8 is opened to the 


I 
] 1 
| 


‘ans of a glass-enclosed metal slug through 


La > > : r 1 with 4 
, the sample is dropped without 


the stopcock. A second magnetic pusher 


‘nace 1s rotated on a ball and tapered 
nd to re] hem t 


+1 " - tar 
ject them to the waste trap atte! 


inalysed consecutively. During the I 


carbon monoxide, rbon dioxide 
1 from these gases b 


' oer. 
om OY diilusion 
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through a palladium valve or lamp. The hydrogen is collected with a diffusion pump, 


and is measured in a known volume by means of a Lippincott type of pre > gauge. 
rhe analysis requires about 10-30 min with a sensitivity of abou 
Another apparatus* for determining hydrogen, s] in Fig. 4,employs a vacuum 
lock and a special stopcock with metal insert and guide tube imple 


free from contamination into a vertical furnace. Also. the c 


| 7 ] 
ihis simp 


" . . of 
© Crucivdie ali 


over copper oxide a 


‘ 1] — = 
and alloys, especially tne 
remove the gas quantitatively. 


samples were dropped for 


soon realised that the platinum | 
due to the formation of grap 
prevented proper alloying of 


oxygen content of platinun latively low 


gas content of the samples. 


and the platinum simultaneous 
The platinum fiux technique ofl 
I 


i 
low vapour pressure which n 


walls. This factor makes it possil 


adding the flux with the sa Also, the danger 
of developing viscous and semi-f 1 fusion bath eliminated. For the best results. 
the platinum : sa ratio should be 1, and both should be injected 
simultaneously. The platinum is used in rod, sheet or wire form. The last two forms 
* Hydrogen Analyzer—Manufactur 


t National Research € orporatio 


U.S.A 





200 W. G. GULDNER 


can be wrapped tightly about the sample. In some analyses, tin has been added in small 
amounts, and has been found to be of some advantage, even though it contributes to 
the blank. The method is widely used for determining oxygen in refractory metals 
and alloys. The determination of nitrogen in refractory metals appears to be 


quantitative when platinum is used. Further study is required through co-operative 


laboratory analyses to establish if the removal of nitrogen is quantitative, by comparing 
the values with those obtained by the Kjeldahl method. The platinum is readily 
recovered from the fusion melt, and most laboratories return the fused ingots to the 
platinum manufacturer for reclaiming. 

2. Intermittent bath injection. The use of iron as a fusion bath has been widely 
accepted by most laboratories for many years. One disadvantage of using iron is that 
it has a relatively high gas content. In view of this it is necessary to outgas the iron 
thoroughly, and then to determine a blank before dropping in a sample. These 
teps are time consuming. In many instances, variable results were obtained when this 

was used. McDonald, Fagel and Balis'* showed that satisfactory recovery 

| be obtained from a fluid iron bath. Since it was necessary to heat the iron 

1800° for metals having a high melting point, carbon dissolved in the iron to 

hat 

mple and recovery of gas. Sloman and Harvey’’ recognised this problem, and made 


the melt became viscous. This resulted in poor alloying of the 
Sa 
a point of keeping the bath temperature as low as possible and completing the reduc- 
tion of the oxide within 20 min. Smith*® showed that the iron bath is semi-solid within 
2 hr at 1800° due to the formation of large graphite flakes. The greatest concentration 
of these flakes is nearest the top, which makes it difficult for the sample to alloy 
properly. The higher the temperature, the more rapid is the solution of carbon. When 
considerable carbon has dissolved in the ingot, gas evolved from the sample can be 

-d in the semi-fluid melt below the viscous layer. The addition of tin appeared to 
be advantageous to minimise the loss of gas due to “gettering” by the evaporated 
metal films on the furnace wall. Beach and Guldner* showed that the periodic addi- 
tion of iron and tin was a real advantage. The periodic addition of iron* was made 


after every other sample. The gas from the iron was removed to pump before the 
samples were analysed. The function of the tin is two-fold: firstly to increase the 
fluidity of the bath, and secondly to act as a mechanical stirrer. Due to the high vapour 
pressure of the tin at fusion temperature, the tin will boil off, stirring the molten bath. 
is technique minimises the danger of gas being entrapped in the iron bath. Without 
doubt, the iron bath used in this manner is the most satisfactory and most widely 
applicable fusion bath. It is applicable to all of the high melting point and refractory 


type metals 

3. Sorption of gas by metal films deposited on the furnace walls. \t is inherent 
in vacuum fusion analyses that carbon and metal vapours deposit on the glass walls 
of the furnace. It is certain that many investigators have felt that some of the gas 
evolved from the sample was re-adsorbed on these films. In the earlier years of 
vacuum fusion these losses would probably have been negligible since the gas levels 
were comparatively high; hence no comprehensive study was carried out. Recently, 
the emphasis in many fields of study, especially in the use of metals in the electronic 
field, has been on high purity metals. With the advent of purifying the metals by zone 


refining, melting in vacuum or in controlled atmospheres, the gas content is often 


* Ferrovac Iron—Crucible Steel Co., Syracuse, New York, U.S.A. 
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only a few ppm. Therefore, it becomes imperative to investigate all sources of 
error. 

McDonald, Fagel and Balis'® admitted carbon monoxide gas in their study of the 
iron bath when applied to the determination of oxygen in zirconium. Beach and 
Guldner™ carried out a comprehensive and systematic study of gas absorption by 
starting out with the carbon film followed by a superimposed metal film. All condi- 
tions were adjusted to simulate fusion analyses. The results show that hydrogen was 
lost to the carbon film. However, it was found that when a metal was fused in the 
graphite crucible, the metal vapour depositing over the carbon reduced the hydrogen 
loss by a factor of 2. Iron, platinum, platinum-titanium and germanium films, when 
exposed to carbon monoxide and nitrogen from 2 to 150 mm? sorbed less than 2 mm* 
of gas. Nickel was unusual, since the errors for carbon monoxide recovery were both 
positive and negative, especially when small amounts were added. Nitrogen and 
hydrogen losses were about the same as for the other metals. Aluminium and man- 
ganese sorbed so much carbon monoxide that fusion analyses of these metals would be 
prohibitive. Only by using extremely large bath:sample ratios would it be possible 
to analyse such metals. Certainly, it is recommended that similar work should be 


carried out on other metals, especially when the impurity level is only a few ppm. 


CONCLUSION 

It is gratifying to note that most laboratories are providing for the analysis of gases 
in metals. Vacuum fusion offers the most widely used apparatus since it is capable of 
measuring oxygen, hydrogen and nitrogen in most metals. This method is currently 
the most sensitive. 

Inert fusion offers an excellent means for the rapid determination of oxygen in 
metals, especially where the level is 50 ppm or more. Inert fusion has found wide 
application to the determination of oxygen in the refractory metals. The results are in 
good agreement with those obtained by vacuum fusion. One main advantage is that 
about 4 samples can be analysed per hr. 

rhe conductimetric method for carbon is now widely used since a determination 
can be made in about 8 min. The sensitivity of the method can be changed by simply 
changing the concentration of the barium hydroxide. 

The most satisfactory method for the determination of hydrogen in metals is by 
hot extraction. All samples are introduced to the analysis station through a vacuum 
lock. The analysis time is about 30 min per sample. 

Since the current interest has been in high purity material, further research should 
be sponsored in exploring such methods as neutron activation, spectroscopy and 
isotope dilution to determine if these methods could be applied to metals having an 
impurity level below 10 ppm. Every effort should be made to encourage and support 
a programme for providing gas-metal standards of different impurity levels. Co- 
operative efforts of several gas-metal committees are working to achieve this goal. 
Zusammenfassung—Eine Ubersicht iiber die Bestimmung von Sauerstoff, Wasserstoff, Kohlenstoff 
und Stickstoff wird gegeben. Jiingste Entwicklung in Hinblick auf Apparate und Technik, soweit sie 


erhdhte Genauigkeit oder grdssere Schnelligkeit erbrachten, werden besonders hervorgehoben. 


Schmelzen in inerter Gasatmosphare wird behandelt, sowie Neuerungen, die die verwendeten 


Apparate verbessern und universeller anwendbar machen. Da viele Metalle Schmelzen oder 
Legieren erfordern, werden das Platinbad und die Platinschmelze besonders eingehend behandelt 
Vorschlage fiir Verbesserungen und weitere Entwicklung werden gemacht, besonders fiir hochreine 
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THE PHOTOMETRIC DETERMINATION OF ZINC 
WITH XYLENOL ORANGE 


KAREL STUDLAR and IVAN JANOUSEK® 


XPERIMENTAI 
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omplex of the reagent with zinc is formed at pH 4-0. The reagent alone, 
: 1s to orange with an increase of pH, and at pH > 7 


complex. The greatest difference of extinction 


This is obviously the optimum value for the determination 


in the given limits. 


es of Xylenol Orange and its zinc complex at pH 6:0 0-1 are 


” i" 


fa. 
O06; / g 
‘y 


~ 550 ~ 600 mp 650 


f Xylenol Orange and its zinc complex on wavelength 
(pH 6:0 0-1). 
Xylenol Orange 
A ition of 60 wg of zinc. 
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rhe reagent alone exhibits two maxima: a higher one at 440 my, and a lower one 
at 575 mu. These maxima correspond to the yellow and red components of the colour 
of the solution. 

[he zinc complex (60 ug of zinc) exhibits a maximum at 570 my, a second 
maximum at 450 my corresponds to the yellow component of excess of reagent. For 
a low zinc content (10 wg) the maxima agree with the reagent alone 


The amount of Xylenol Orange 

Portions of 6:5 ml of standard zinc solution (65 ng 0-001 mole of zinc) were pipetted into a 
series of 50-ml volumetric flasks, followed by 10 ml of acetate buffer (pH 6) and from 0-2-ml to 
5-ml amounts of 0-001M reagent solution. The solutions were diluted to the mark with water 
series of blank solutions (without the addition of zinc) were also prepared he corresponding pairs 


of solutions were measured against 


10 


, and the results are shown 


, > = 8 


ml XO/50mé 
ction on the amount of Xylenol Or 
pH 6-0 0-1, 574 mu.) 
From this, itis obvious that for 65 ug of zinc about 2 ml of 0-:001.M reagent solution 
are sufficient. By extrapolation, the point of intersection obtained corresponds with a 
complex of the molar ratio Zn : XO | : 1. This is further supported by applying 


Job’s method (see later.) 


libration curve 
Portions of 0-10 ml of standard zinc solution (0-100 ug of zinc) were pipetted into a series of 
50-m1! volumetric flasks, 10 ml of buffer (pH 6) and 3 ml of 0:001.M reagent solution were added and 


| 


the solutions were diluted to the mark. The extinctions were measured under these conditions, and 


the curve is presented in Fig. 4 


[his curve is in good agreement with the Lambert-Beer law throughout the full 


range of concentration used. 


Composition of the complex and stability constant 

Job’s method of continuous variation was used to investigate the composition of 
the complex. The initial concentration of the zinc solution and the reagent was 
5 x 10*M. The measurements were carried out at pH 6-0 for three wavelengths. 
rhe results are given in Fig. 5. 

The curves exhibit maxima at the molar ratio Zn : XO | : 1, confirming the 
formation of this complex alone under the given conditions. From curve | (Fig. 5) 
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The sample is dissolved in nitric acid and evaporated to small volume he solution is filtered into 
a volumetric flask and made to the mark with water. From a suitable aliquot of this solution, copper 
and lead are separated electrolytically. in | 


I is agail insferred to a lumetric flask, and an 
aliquot corresponding to about 2 m the sar 


aporated to dryn The residue is 
dissolved in 5m 2 | 1, ar umn of t n-exchanger in the 
vashed with 50 ml 


The eluate is 


rom it Xylenol Orat ised for the 
1ation of zinc when suitable conditions 


ue the greatest 


is obtained. 


condi- 


SONP K 


Zusammenfassung 


mit Xylenolorange 
ilb pH 4 geformt, d »nH-Bereich ist 5-8—6-2 
| Komplex r Job-Kurve wurde 

10° bestimmt. Im Bereich 0-100 ug Zn/50 ml 
sstimmung von Zink in Bronzen herangezogen 
iuschers geht dem Photometrieren voraus 
Résumé yn de xylénol orange comme réact 
un complexe rouge a pH 4 


le lit ACT 7 
ies CONCITIC , Ul 


I pour le dosage photo 
métrique d nc. Le 


La condition la meilleure pour le 


" ‘ > 
dosage est a pH 5,8-6,2 


1 complexe se forme, de rapport molaire 
Zn/XO 1/1 D’apres la courbe de Job, la constante de stabilité a été déterminée: K ~ 1,4 iv. 
Dans le domaine 0-100 mug de Zn ir 50 ml, la loi de Lambert-Beer est suivie. La réaction a été 


appliquée au dosage du zinc dans le bronze aprés une séparation préliminaire sur un échangeur d’ions. 
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THE ANALYSIS OF BERYLLIUM AND 
BERYLLIUM OXIDE—VI* 
THE DETERMINATION OF TANTALUM AND NIOBIUM 


JAMES O. HIBBITS 


OBERTHIN, 


1 4 


Summary 


> 


A { 


is a mod 
of work published rause and Moore! and Hague et? ai. two el ts are 
again precipitated with cupferron using Zi nium as a collector. Niobium ts finally 
determined spectrophotometrically with hydroquinone in a concentrated sulphuric 


acid medium.® The absorbance, measured at 395 or 490 mw, is a linear function of the 


i, < 


niobium concentration, at least from 0 to 4 wg of niobium per ml, and ts stable for at 


least 24 hr. Tantalum is determined spectrophotometrically with pyrogallol in a mixed 


ammonium citrate-ammonium oxalate-sulphuric acid medium.’ The absorbance, 
measured at 398 or 420 my, is a linear function of the tantalum concentration, at least 
from 0 to 12 ug of tantalum per ml, and is stable for at least 24 hr. 

* Part V, see Talanta, 1961, 8, 104. 


209 





James O. Hissits, H. OBERTHIN, R. Liu and SILvE KALLMANN 


EXPERIMENTAI 


nd Cary Model 14 spectrophotometers with 5-cm cells 


1ylene or polystyrene, 1-cm internal diameter, 15-cm long, contain- 


mns: Polyetl 


200-400 mesh, 8 °% crosslinkage 


Ol 


f niobium pentoxide with 5 g of potassium bisulphate 


100 ml of « ammonium oxalate and dilute the clear solution to | litre 
1 containing 10 ~g of niobium per m 


Fuse 0-1221 g of tantalum pentoxide with 5 g of potassium bisulphate 


la soluti 


100 ml of ammonium citrate-ammonium oxalate solution (see below) 


Dilute this solution to obtain a solution containing 10 pg of 


n dilute hydrofluoric acid, add 


of zirconium metal 1 


yxide fumes and dilute to 100 ml. One ml contains 1 mg 


to | litre with 


ic acid and 


droxide 
1 18M sulphuric ac 


6M iyvdrochloric 


g of tantalum to a 


g of beryllium oxide, 


ng the sample 1 nd gradually adding 


reaction ceases, add, if necessary, a few drops 


r particles of unoxidised m Heat to destroy 


ire to be precipita 1 ignited, they need 
din 6M sulphuric acid, 


the sample was dissolved 
solved in hydrochloric acid, add 25 ml of 6M 


Cool the sample solution, the 


1 hydrochloric acid containing a little cupferron to 
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10-15°. Add 15 ml of cupferron solution.* Filter, using Whatman No. 40 filter paper, and wash the 


precipitate 10 to 15 times with the wash solution. Ignite the precipitate in a platinum crucible and 
fuse the residue in about 2 g of sodium bisulphate. Sodium bisulphate is used in this case rather than 
the potassium salt because of the tendency for potassium fluotantalate to precipitate. Dissolve the 
melt in a polyethylene beaker with 50 m ’ Eluent No. 1. Pass this solution through the anion- 
exchange column and wash with 50 n the same eluent, discarding the eluate. Pass 60 ml of 


Eluent No. 2 through the column. C< t the eluate, containing 


amount of tin, ina polyethylene beaker. Replace this beaker with another polyethylene beaker and 


sossibly a small 


elute tantalum with 60 ml of Eluent No. 3 
lo each of the two eluates add 8 g of boric acid dissolved in about 100 


the solutions to 400-ml beakers te to approxin 


of 12M hydrochloric acid and transfer 


250 ml. Add 10 ml of zirconium s phate solution, f wed by some filt Sn 


Ah A 
ferron solution. Perform the preci 
15 times with 1M hydrochloric acid 


niobium and tantalum precipita 
Niobium: Ignite the precipitate in a platinum 
bisulphate and dissolve the melt with 50 ml of 4 immonium oxalate 


iliquot containing about 200 ig OI n1ovd1 


Transfer the solution or an 
10 ml of 9M sulphuric acid an aliquot is taken to provide 


| g of this salt Add 5 ml of 16M nitric acid and 3 ml ; hydrochloric acid. Evaporate the 
solution to sulphur trioxide fumes. Add I iro} hydrogen peroxide and | ml of water and 
again evaporate to fumes. Repeat the addition of hydrogen peroxide until there is no further evidence 
of organic material when the sample is evaporated to sulphur trioxide fumes. Wash down the sides of 


the beaker with water and again ev Repeat the water rinse and evaporation step 
, 1 


| that organ naterial is completely “st 1 and that nitric acid 


several times It is essentia 
completely removed 
Cool, add 1 drop of tin ~hloride solution, 25 ml of hydroquinone solution an 


purposes. Dilute to the mark with 


transSier tO a 


50-m! volumetric flask, using hydroquinone solution for washing pury 
hydroquinone solutior 1 mix Allow to stand for 10 min and measure the absorbance in 
cells at 490 mu using a reagent blank carried through the entire procedure as a eference. Determine 
the niobium concentration by reference to a calibration curve obtained by treating aliquots of the 
standard niobium solution as described in the previous paragraph. A blank an andard should be 


carried through the entire procedure 
Tantalum: Ignite the cupferron precipitate in or quartz crucible 


> “re > ce > inte (rence tir , the sterminatrin 
not used here because of the interference of plat in the determinatio1 


} 


gallol Fuse the residue with 0-5 g of potassium bisulphate and dissolve 


ammonium citrate-ammonium oxalate solution Transfer the solution, or an aliquot containing 


about 300 wg of tantalum, to a 25-ml volumetric flask. If an aliquot is taken, add sufficient potassium 
; 


bisulphate to provide 0-5 g of the salt. Add 3-0 0-1 g of pyrogallol and swirl until a clear solution 
results. Dilute to the mark with ammonium citrate-ammonium oxalate solution. Mix, allow to stand 


for 10 min, and measure the absorbance in 5-cm cells at 398 or 420 my depending upon the instrument- 


ation available, using a reagent blank carried through all steps of the procedure in the reference cell 
: 


Determine the tantalum concentration by reference to a calibration curve prepared by adding pyro- 
} St 


25 ml with ammonium citrate 


gallol to aliquots of the standard tantalum solution and diluting to 


ammonium oxalate solution. A blank and standard should be carried through the entire procedure 


DISCUSSION AND RESULTS 


Measurement of the niobium-hydroquinone complex 

Che absorbance of the niobium-hydroquinone complex, although a maximum at 
395 my, is usually measured at 490 my, presumably because of (a) the lack of adequate 
instrumentation, (4) the high blank at 395 mu (when measured in 5-cm cells using 
sulphuric acid as a reference, the blank is about 0-6 at 395 mu compared to about 0-3 
at 490 mu), and (c) the fact that niobium seriously interferes at 395 mu whereas little 
interference is apparent when the absorbance is measured at 490 mu. The absorbance, 
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measured at either wavelength, is a linear function of the niobium concentration, at 
least from 0 to 4 ug of niobium per ml, and is constant for at least 24 hr. The absorb- 


ance of a solution containing 2 wg of niobium per ml, in 5-cm cells, is approximately 


0-5 at 490 mu and I-1 at 395 my (using a reagent blank in the reference cell). A two- 
fold increase in sensitivity may be obtained by making absorbance measurements using 
10-cm cells. Using the procedure described for the formation of the niobium-hydro- 
quinone complex, the absorbance of | mg of tantalum is equivalent to approximately 
5 ug of niobium at 490 mu and approximately 105 ug at 395 mu. 


Measurement of the tantalum-pyrogallol complex 


[he absorbance of the tantalum-pyrogallol complex is a maximum at 398 mu. 
However, the absorbance of the complex is frequently measured at 420 my, presumably 
because of the lack of adequate instrumentation. The absorbance measured at either 
wavelength, is a linear function of the tantalum concentration, at least from 0 to 12 ug 
of tantalum per ml, and is constant for at least 24 hr. The absorbance of a solution 
containing 12 wg of tantalum per ml, using 5-cm cells, is approximately 0-9 at 398 mu 
and 0-8 at 420 mu. The absorbance is unaffected by the use of 1-5 g of potassium 
bisulphate rather than the 0-5 g called for in the procedure. The amount of pyrogallol 
should be controlled at 3-0 + 0-1 g. The use of greater or less pyrogallol causes a 
change in absorbance amounting to about 10%, per g between 2 and 4g. Although an 
increase in the amount of pyrogallol used would result in an increased absorbance, the 
coloured solution becomes turbid when the amount is slightly greater than 4 g. 

Using the procedure described for the formation of the tantalum-pyrogallol 
complex, the absorbance of | mg of niobium is equivalent to that of 4 ug of tantalum, 


at both 398 and 420 mu. 


Effect ther elements 


In testing the effect of other elements on the determination of niobium and tantalum 
by the above procedure, the elements were added to a solution containing the appro- 
priate amounts of beryllium sulphate, sulphuric and hydrochloric acids, before the 
precipitation with cupferron preceding the ion-exchange separation. 

No interference was caused by the presence of 10-mg amounts of Al, Sb!™!, As!!, 
Ba, Bi, B, Br, Cd, Ca, Ce'Y, Cs, Cr@!l, Co, Cu™, Dy, Er, Eu, F, Gd, Ga, Ge, Au, Hf, 
Ho, In, I, Ir, Fe", La, Pb, Li, Lu, Mg, Mn", Hg", Mo’!, Nd, Ni, Nb (for Ta determin- 
ation), Pd'’, P(as PO,*-), Pt', K, Pr, Re, Rh, Rb, Sm, Sc, Se'’, Si, Na, Sr, Ta(for Nb 
determination), Te'’, Tb, Tl!, Th, Tm, Sn'¥, Ti'¥, WY, UY!, VY, Yb, Y, Zn or Zr. 

It should be noted that the preliminary precipitation with cupferron separates 
niobium and tantalum from all but antimony, bismuth, copper, gallium, hafnium, 
iron, molybdenum, palladium, tin, titanium, vanadium, tungsten and zirconium. 

[he subsequent anion-exchange step provides two solutions. One contains 


niobium and part of the tin originally present in the sample, the other contains only 


tantalum. Tin does not interfere with the niobium determination, being used as a 
reagent in the final spectrophotometric determination with hydroquinone. 


j 


Application of the method 


A 10-g sample of beryllium oxide analysed for niobium and tantalum using this 
procedure was found to contain less than | ppm of niobium and less than 3 ppm of 





The analysis of beryllium and beryllium oxide—VI 


TABLE |. RECOVERY OF NIOBIUM AND TANTALUM ADDED TO BERYLLIUM OXIDE 


Nb added Nb found, Ta added, Ta found, 


ug ug 
. 5 


200 
500 
50 

150 
250 
400 

200 400 

2000 250 
250 247-6 2000 


tantalum. The recovery of niobium and tantalum added to this sample of beryllium 


oxide is shown in Table I. 
No niobium or tantalum was found in 3-g portions of New Brunswick Laboratory 


88) and beryllium oxide (72-1, 72-2, 


standard samples of beryllium metal (85, 86, 8 
72-3, 72-4, 72-5), indicating the concentration of niobium in these samples to be less 


than 3-3 ppm and that of tantalum less than 10 ppm. 


Zusammenfassung—Eine Methode zur Bestimmung von Tantal und Niob in Beryllium und dessen 
Oxyd wird beschrieben. Die beiden Elemente werden mittels Cupferron gefallt unter Verwendung 
von Zirkonium als Collector. Eine Trennung von weiteren lonen wird erzielt, indem man die Losung, 
die Fluss- und Salzsaure enthalt, durch einen starken Anionanaustauscher schickt. Niob und Tantal 
werden selktiv eluiert und schliesslich photometrisch bestimmt; Niob mit Hydrochinon und Tantal 
mit Pyrogallol. Die Methode ist genau auf 5° oder 10 ug Niob und 10% oder 30 ug Tantal, was 
immer der grossere Wert ist. Keine St6rung wird versucht durch Anwesenheit von 10-mg Mengen 


von 68 gepriiften Fremdelementen 


Résumé—Les auteurs décrivent une méthode de dosage du tantale et du niobium dans le béryllium 
ou oxyde de béryllium. Ces deux éléments sont précipités par du cupferron, le zirconium étant 
utilisé comme collecteur. Une séparation ultérieure des autres éléments est réalisée en faisant passer 
une solution de chlorure et fluorure mélangés sur une colonne contenant une résine échangeuse 
d’anions fortement basique. Le niobium et le tantale sont élués sélectivement et sont dosés finalement 
par spectrophotometrie, le niobium avec de Ihydroquinone et le tantale avec du pyrogallol. Pour le 
niobium, la méthode est précise 4 +5°% ou 10 ug et pour le tantale a +10°%, ou 30 wg. La présence 


de quantités de ordre de 10 mg de 68 éléments ne géne pas le dosage 
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THE ANION-EXCHANGE SEPARATION OF TIN, 
ANTIMONY, LEAD AND COPPER 


M. ARIEL® and E. Kirow 
to str ie] Institut 


Summary ( ( p ) ompiexes of tin, timo id and copper 1an 


\ c ised [Or ell intit e separation from each other he method is 


INTRODUCTION 
alloys containing varying amounts of , lead, 


hed methods for their 


the tediousness of establis 


rch for a stepwise anion-exchange separation of these 


anion-exchange resins. from various media, 


the above metals! and single components have also 


| 
but no complete stepwise separation of this metal 


termination of its components, has been described. 


DISCUSSION 


of metals on anion-exchange resins is based on the selective 

anionic complexes on the resin, this being a function of the nature 

lex-forming ligand, the composition of the medium employed, etc. 

e electrolyte of the type HL usually exhibit maxima, due 

igh acidities, of an uncharged species, H, ML,. This complex 

appreciable extent, enter the resin; its formation, therefore, is 

a decrease in the concentration of metal in the resin phase. The 

heig! relative positions of these maxima vary from metal to metal, according to 


the stability of the metal-ligand complexes, their dimensions, efc. 


From published adsorption curves! it appears that many elements may be separated, 


singly or in s, employing hydrochloric acid and an anion-exchange resin; the 
co-employment of other eluents greatly widens the applicability of the method. 
It was decided to use these curves as a starting point, rather than employ the 


recent half-theoretical approach of building adsorption curves,? 


since the presence 
of numerous adverse factors, such as probable side reactions and the un-ideal systems 
incurred, made this appear impracticable. 

From a consideration of data published by Kraus and Nelson! for adsorption on 
Dowex-1 resin, several possibilities of separation for the Sn-Sb-Cu-Pb system 
seemed feasible. Table 1 contains pertinent distribution coefficient data for varying 
concentrations of hydrochloric acid, while similar data for 1N hydrofluoric acid, in 
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the presence of varying concentrations of hydrochloric acid, are summarised in 
Table I. 
TABLE | ADSORPTION OF Sn!Y, SbY, Sb!!!, Cu!! and Pb 
FROM HYDROCHLORIC ACID 
(D DISTRIBUTION COEFFICIENT) 


12 2:4 


i] ADSORPTION OF Sn!¥, SbY and Sb FROM MIXTURES OF 
HYDROCHLORIC ACID AND 1N HYDROFLUORIC ACID 
(D DISTRIBUTION COEFFICIENT) 


HCl; HCl, AN 


Because of the similarity of the resins, it seemed permissible to employ these data as 


starting points for a separation employing Amberlite IRA-400. This was borne out by 


the similarity of adsorption data for copper, obtained experimentally on both resins. 


The proposed sequence of elution steps, based on these data, is summarised in Fig. 1; 
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for each successive elution step, eluents were chosen in which D for the element to be 


eluted was low and that of the others, to be retained in the column, high. 
sin particles and minimum volume of eluent necessary 


Column length, size of the re 
> and found suitable for the 


itative elution were computed theoretically,° 
‘paration. The sample size chosen initially was small 
a view to exploiting fully the speed and convenience 


], n n loaratint ‘mite he Tt ‘ , -f ; > 
it sequent considerations limited the 1 ize further, the 
ntaining mn ) ‘ Ff o h me ] It 
containing Uy i VOUY 1 eacn Metal. if 
limited chiefly ethods employed 

I : 
‘rror) and 


ts ( | maximum lative ec 


was better tha 


olumn, 


The 


0-500 
0-500 
0-500 


1-QOO 


le presence of more than one element and as a result of 
the elution curves are displaced in the direction of larger 


mes required for quantitative separation. The extent of this displacement 


3 for the elution of lead, 


nined exper ‘mentally: the results are given, in Fig. 


and 5 for the elution of copper, and condensed in Fig. 6. As 1s apparent 
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tration 


sly disturbed 
Even 6N sodium hydroxide sol which should elute both 

simultaneously, elut tin quantitatively and does not 
mony, which remains in the column and not eluted either hot water or 6A 
sodium hydroxide ifter the tin | been removed quantitatively. No adequate 
explanation of this surprising retention of antimony has been found; it might be 
supposed that it is due to the formation, in the presence of tin, in sodium hydroxide 


solution or water, of some antimony compound which is tenaciously held by the resin. 


As may be seen from Table II, a solution 0-3N in hydrochloric acid and IN in 


hydrofluoric acid should elute antimony, leaving tin in the column. The tin may 
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ydroxide solution. The pertinent elution 
re experimentally determined and are given in 
ic acid demands the employment of corrosion- 


; described below (Fig. 9). 


yoih] 


e, as may be seen from Fig. 10 which 
and 8. Synthetic mixtures of 
ere absorbed on the resin and the metals 


7N hydrochloric acid for the lead, 5-2 ml of 
ml of 1N hydrofluoric acid 1N in hydro- 
10 ml of 6N sodium hydroxide solution fo1 


Ciua 


te by methods specified in the experi- 


nations were carried out in each case, but 


they were properly deducted. The results 


of tin- and lead-base alloys, which were 


acid and either hydrogen peroxide or bromine 
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1\ THE SEPARATION AND DETERMINATION OF Sn 


FROM THEIR MIXTURES 


10-0 4100-0 
200-0 400-0 
400-0 40-0 
40-0 40-0 | 400-0 
100-0 ¢ 10-0 100-0 


water or potassium chlorate, the solution obtained containi 
antimony’ and tin!’, hydrochloric acid and excess oxidising agent ntimony may 


| 
miun 


} > j 1 1 l 17 ' - 
ye reduced by various 1Pel such as iui ulphite,® tin! chloride.’ chro 


chloride,’ titanium!!! chloride’ or mercury metal.’® It was considered inad\ 
introduce new cations, or anions which might complex the metals, into the system: 


hydrogen peroxide was, therefore, employed as oxidising agent and sodium sulphite 


t 
as reducing agent. After reduction, the solution is ready for adsorption on the resin 


column, and elution by the method evolved. Table V contains the analysis of the 


alloys employed to test the method (according to A.S.T.M. methods). together with 


representative results obtained by the proposed procedure. 

As may be seen, good results (+-2 maximum relative error) may be obtained 
with this method; in view of the speed with which an analysis can be carried out 
(four parallel analyses may be completed in 2 hr) this seems satisfactory. The per- 
centage composition of the alloys to which this method is applicable may vary 


considerably. 
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TABLE \V A NALYSIS OF TIN- AND LEAD-BASE ALLOYS* 


Experimental results by proposed procedure, ? 


Relative Relative 
Sb 
error 


Relative 


error error 


0-9 
1-0 0-9 
0-9 


0-8 41-7 1-0 


ny 


10unt present in the standard alloys available 


ophotometric method employed 


EXPERIMENTAI 


out with a Type E Leeds Northrup Electro-€ hemo- 


icam SP 500-spectrophotometer, and potentio- 


11) 

U U 
Construction details of columns employed. 

he anu 


f } 
1LC 


yn-exchange resin employed was 100-140 mesh Amberlite IRA-—400, 
rhe columns employed were 200 mm long, with an internal diameter of 3 


passed through the column at t 
used in this work (Fig. 9): 


3mm 
he rate of 3 ml per min. Two kinds of columns were 
one constructed from glass only (Fig. 9a) and the other made of Plexiglass 
ig (Fig. 9b). The upper part of the latter column contains three Plexiglass parts; a 
section of 0:3-mm internal diameter and 200 mm long Tygon tubing is attached; this contains a small 


ind Tygon tubi 


l 
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conus of hard plastic material at its end, to serve as a support for some thin Plexiglass shavings on 
which the resin filling rests. Four such columns are connected, by means of individual pressure taps 
and a manifold, toa pressure source, such as an oxygen or nitrogen gas container. This arrangement 
allows the regulation of pressure for each column separately, without affecting the other three. After 


passing 4 ml of 7N hydrochloric acid through each column, the apparatus is ready for use 


Reagents 

Standard copper, antimony tin and lead chloride stock solutions Prepared by dissolving appro- 
priate amounts of the pure metals in mixtures of hydrochloric acid and hydrogen peroxide, removing 
excess peroxide by boiling and making up to volume with hydrochloric acid (antimony was reduced 
to the tervalent state by adding small amounts of sodium sulphite to the solution and boiling, before 
the final dilution). From these, by appropriate dilution with 1:1 hydrochloric acid, the solutions 
employed in the experiments described, containing the single metal ions or their mixtures, were 
prepared 

Standard potassium bromate solution Prepared by dissolving the pure, dried salt in water and 
checked against the standard antimony solution 


All other reagents were of reagent grade 


Procedures 


The methods employed for the determination of the single components (after collection of the 
pertinent eluate fraction) are 

1. Lead was determined polarographically, a method based on the reduction of plumbite ion in 
1N sodium hydroxide solution being employed." The lowest limit for this determination was 10 mg 
of lead per litre, within the limits of error allowed 

Antimony was determined by potentiometric titration with potassium bromate. This method 

gave rapid and accurate results, provided the oxide film formed on the platinum electrode™*.* was 
removed by immersing the electrode for 15 min ina reducing solution (0-01 M iron"! sulphate, 0 OSM 
in sulphuric acid) after each titration. The hydrofluoric acid present in the eluate slowly attacks the 
glass parts of the electrodes, making their replacement advisable after ca. 50 titrations. One mg of 
antimony per litre could still be easily determined, with a relative error not exceeding i ye 

3. Tin was determined polarographically in a supporting electrolyte 3N in sodium chloride and IN 
in hydrochloric acid, with 0-001 °% Triton X-100 present as maximum suppressor. The composition 
of the supporting electrolyte was dictated by the eluent employed for tin (6N sodium hydroxide 
solution). Seven mg of tin per litre could still be determined with a relative error not exceeding +1% 

4. Copper was determined spectrophotometrically, employing ferrocyanide 

Based on the above, the following procedure is suggested for the separation of lead, copper, 
antimony and tin: 

0-1 ml of the sample, containing up to 400 «~g of each metal and 7N in hydrochloric acid, is 


introduced on top of the resin column, followed by two successive portions of 0:2 ml each of 7N 


hydrochloric acid. The following eluents are now passed through the column at the rate of 3 ml per 
min: 5:2 ml of 7N hydrochloric acid (lead fraction), 5-2 ml of 1-56N hydrochloric acid (copper 


fraction), 7:7 ml of 1N hydrofluoric acid, 0-3N in hydrochloric acid (antimony fraction), 1 ml of 7N 
hydrochloric acid (to be discarded; this serves to remove hydrofluoric acid from the column), and 


10 ml of 6N sodium hydroxide solution (tin fraction) 


civen 


Fic. 10.—The separation of the four elements. 
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gh the column in the order given, each fraction being collected 


I 


nethods specified above 


0-3 g of the alloy are dissolved in 15 ml of concentrated hydrochloric 
of 3 ml 3 hydrogen peroxide and heating After complete 
7of sodium 


¢ 
Ss 


ide is removed by boiling, the solution is cooled and 0:3 
llaries are introduced, the solution is boiled to remove sulphur 
rated hydrochloric acid. An aliquot of this solution is 


ted according to the procedure suggested above 


Zusammenfassung —Di ‘ \ tion der negativ geladenen Komplexionen von Zinn, Antimon, 
Ble K i ¢ ‘ nenaustat r wurde herangezogen um die Metalle voneinander 


Analyse von Legierungen verwendet 


Resum¢ ‘ ctive d npl yniques de l’étain, de anti , du plomb et du 


lisée pour leur séparation quantitati La méthode 


ES 


i Cnhemi- 


hemie. Spt 


en Chemie. Springer Verlag, Berlin, 1951, I, 


, 26, 632 
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Summary—Sodium in the dispersed state has been found to be a selective reagent for the determination 
of active hydrogen in acids, alcohols, phenols, amides and sulphonamides Che pressure change ina 
constant-volume system caused by the evolution of gaseous hydrogen is measured after a sample is 
treated with an excess of dispersed sodium. Under the same conditions, amines aldehydes. ketones, 
esters and I-acetylenes do not produce any hydrogen 

HE many methods available’:*-+.7.°-" for the determination of active hydrogen in 
organic compounds share the characteristic that each technique determines the total 
active hydrogen present without regard to the particular type of compound represented. 
Such a lack of selectivity is a distinct drawback to active hydrogen analysis. 

In the procedure developed here, three methods of determination are used to 
separate the compounds containing active hydrogen into three classes of reactivity. 
he first two methods use a dispersion of metallic sodium in an inert medium as the 
reagent, while the third method can be any of the conventional, undifferentiating 
procedures. 

[he most reactive group of compounds containing active hydrogen is that com- 
prising the acids, alcohols and some phenols, which can be determined by adding an 
excess of a standardised dispersion of sodium to a weighed sample dissolved in xylene, 
and converting the excess sodium to sodium ethoxide with an excess of ethyl alcohol. 
The sodium ethoxide is titrated with a standard acetic acid solution, and the amount of 


sodium consumed by the organic ¢ ‘active phenol ts f 1 by difference. The 


details of this procedure have been published 


The sum of the active hydrogen due to the most reactive group of compounds and 


the group of intermediate reactivity, including acetylated amines, sulphonamides and 


the remainder of the phenols, can be determined by the procedure described in detail 
in the experimental part of this paper. 

[he sum of all types of active hydrogen can be determined by any of the conven- 
tional procedures, such as the Zerewitinoff method or the lithium aluminium hydride 
method. By difference one can ascertain the amount of active hydrogen contained in 
the least reactive group, which includes aldehydes, ketones, amines, esters and 
l-acetylenes. 

In the procedure described here for the determination of the sum of the highest and 


intermediate reactivity groups, an excess of dispersed sodium is allowed to react with 


either a pure liquid sample or a solution of a solid sample in an inert solvent, and the 
evolved hydrogen is determined by measuring the pressure change when the reaction Is 


carried out in a constant-volume system. 
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hemicals were used when possible. Solvents were purified 
Samples were the best grade available and were 
apparatus described by 

ough a ball bearing instead 

Periodic replacement of the ball bearing 

Iwo hundred and 

to a 500-ml 

When the 


: aispersion 


ik, along 


1e number 


conditions showed that solid samples did not react satisfactorily, 


probably because th art * the solid did not come into contact with the sodium. | iquid 


samples were found to react satisfactorily, and solids were determined successfully if dissolved in 
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Selective determination of active hydrogen 2 
dioxan. The dispersion was found to be most suitable when prepared in a mixture of 2 parts of dioxan 
to 1 part of xylene by volume. Apparently the solvent power of dioxan for the salt-like products 
formed was necessary to prevent these products from coating the sodium particles before reaction 
was complete. Dispersions in dioxan alone were not used, as it was felt that finely divided sodium 
floating to the top of the dispersion medium upon standing created a situation too hazardous fot 
routine determinations 

RESULTS AND DISCUSSION 


rable | shows the number of active hydrogens found for a variety of compounds 
and the average error for the determinations, calculated as the difference between the 
pressure change found and the pressure change expected for the sample if it contained 


an integral number of active hydrogens. 
TABLE |. VALUES OF ACTIVE HYDROGEN DETERMINED 


Average Average Average error of 


Number of 


amount taken, active pre » change 
Determinations 7 pee Cae 


Compound 
m moles hydrogen (absolute value) 


Ethanol 
t-Buty!l alcohol 


Acetic acid 


4-306 0-98 
3-867 1-00 
029 0-999 
609 0-99 
040 0-85 
O87 1-04 
413 1-62 
599 0-09 
368 0-06 
2-688 1-10 


n-Butyric acid 
Benzoic acid 
Salicyclic acid 
Resorcinol 

Aniline 
n-Butylamine 
2,4-Dimethylphenol 
o-Nitrophenol 
4-Chloro-3-methylphenol 
2,4-Dinitrophenol 
Cyclohexanone 


am mh & 


0-68 
0-89 
0-92 
0-18 
0-003 
0-03 
0-04 
0-03 
0-000 
0-000 
0-000 
0-87 
0-9] 


1-Hexyne 
n-Butyraldehyde 
Ethyl acetate 
Acetone 
Benzonitrile 
Azobenzene 
Bromobenzene 
Acetanilide 
Sulphanilamide 


NR eR RK NNR & B bo to 


”S) 


As a measure of the precision of the method of obtaining the pressure change, the 
methanol values used to calibrate the volume of the system were re-calculated on the 
basis of the average volume, and the error in pressure change was found for each 
sample. The sum of the squares of these errors divided by one less than the number of 
measurements was used to establish a 95° confidence limit for the error in the 


pressure change by use of a one-tailed chi square test. Errors in the pressure change 


greater than the limit found, 11-3 mm, represent errors that could not be accounted for 


by the pressure measuring device, a metre-stick manometer. Comparison of this value 
with the average error recorded for each substance in the Table shows that all of the 
measurements are well within the experimental error of an integral value with the 


4 
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‘sorcinol and cyclohexanone. Similar results for these two compounds 


‘viously reported.*»° The relatively large deviation from theoretical 
*xperimental error reported for o-nitrophenol and acetanilide are 
solubility of the compounds. These small sample sizes caused 
f about 251 “mercury, while larger samples of liquids or more 
ds caused pressure changes as great as 200 mm. Since the errors in measure- 
ly constant, the relative error in the small samples, which is seen as 
of active hydrogens from an integer, is considerably 
npounds for which larger samples could be used. 


rrors suggest ft 


hat the largest errors are independent of the 
‘termined. A consideration of the various sources of 

cates that the primary cause of poor precision is in the reading 

r. The manometer used for this exploratory work was a 

illary bent in the form of a U around a metre-stick and filled with 
to be anticipated that the use of a more precise manometer with the 


ill yield values having a precision of | to 2% for small samples and a 
h US ind for | 


liquids and readily soluble solids. In fact the use of a differ- 
phthalate manometer might enable even the more difficultly soluble 
run with a precision of about 0-5° 


rticularly of interest to note that aniline and n-butylamine do not give any 
le reaction in this method, thus permitting the differentiation of less reactive 
tive hydrogen compounds from the more reactive ones. Extensive studies 
to determine conditions under which amines would react. At the boiling 
ne, amines were found to be still unreactive. The presence of ferric oxide 
aluminium oxide or chloride, or zinc chloride did not cause amines to show 
Sodium dispersions in xylene, tri-n-butylamine, and xylene-dioxan mixtures 
ly ineffective in causing amines to react. 
back-titration procedure using dispersed sodium can be applied to acids, 
nd some phenols,® it is possible to classify active hydrogen compounds into 
lhe first class are those which can be determined by the back- 
[he second class, some phenols, acetylated amines and sulphon- 


e which show reaction by the procedure presented here but not by the 


proceaure 


Finally, the class of amines, aldehydes, ketones, esters and 
those which do not react with dispersed sodium but can be determined 


Zusammenfassung—Natrium 1 rgierter Form hat sich als selektives Reagens zur Bestim- 

Wasserstoffes in Amiden, Alkoholen, Phenolen und Sulfonamiden erwiesen. 

Die D1 ) einem volumkonstanten System werden gemessen, nachdem die Probe mit 
fT 


iat. Unter diesen Bedingungen produzieren Amine, Ketone, Alde- 
ne keinen Wasserstoff 


Résumée—L< ont montré que le sodium, a l'état dispersé, était un réactif sélectif pour le 


e actif dans les acides, les alcools, les phénols, les amides et les sulfonamides 
ssion, dans un systeme a volume constant, provoquée par le dégagement de 
est mesurée apres qu’un échantillon ait été traité par un exces de sodium dispersé. 

litions, les amines, les aldéhydes, les cétones, les esters et les l-acétylenes ne 

POTIC 





Selective determination of active hydrogen 
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Summary— | proposed thod serves for the selective determination of trace amounts of metals. 
rhe analvtical procedu ists of a gle extraction of the metal to be determined, in the form of a 
the radioactivity of the extract obtained. The 

be less than would correspond to the stoichio- 

tion is given for these conditions, from which the 

etals may thus be determined with greater selectivity 

stoichiometric excess of organic reagent. On the basis of the 
the determination of many elements. The 


Is in the presence of interfering metals are also 


INTRODUCTION 


1 


based on the determination of the change of specific 
1 radioactive and a non-radioactive isotope of the element 


the foundations of which were laid down by Hevesy and 


‘more than 25 years ago, has previously been used more often 


in biochemistry than in the analysis of inorganic systems, 
used relatively seldom. Its greatest advantage over all other analyti- 
hat in order to carry out the analysis only a part of the component to 


be isolated in a pure state, and only the change of the isotopic 


L 


; part need be determined. 


‘topic dilution would be of great importance for trace analysis not 


lso because the quantitative separation of the 

‘nt, present in such small amounts, is otherwise very difficult. The 

1 method has up to now been rendered difficult in these cases by the 

d, which necessitated the determination of specific activity. Thus, 

to isolate an amount of the substance sufficient to make it possible to 

not only its radioactivity but also its amount. The sensitivity of the analysis 
was therefore limited by the sensitivity of the method by which the isolated amount 


termined. In most of the published methods, precipitation or electrolysis were 


used for isolation and the isolated amount was either weighed or determined by some 


Was rere 


The amount of the element to be determined was then 


other analytical procedure. 


= , 1,2 
calculated by the relation:’: 


(1) 
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where y is the amount of radio-isotope used, A, is the specific activity of the radio- 
isotope, and A, is the specific activity of the mixture of radio-isotope and added 
analysed element. Specific activity is equal to the ratio of absolute activity and amount 
of sample measured, i.e. 

a and A, * 

m, mM, 
where a, and a, are the absolute activities, and m, and m, are the isolated amounts. 

If we always isolate the same amounts of the substance from the solution of 
original activity and from the solution obtained by dilution with the non-active 
determined element (i.e. m, m,), then in relation (1) the specific activities may be 
replaced directly by relative activities, measured under the same conditions. Therefore 
it is not necessary to know the values m, and mg, since for calculation of the amount of 
the element to be determined it is sufficient to know the relative activities and the 
amount of radio-isotope added to the analysed solution. 

Development of isotopic dilution analysis into the region of trace amounts 
therefore depends on the development of methods by which equal and very small 
amounts may always be isolated with high precision and reproducibility. In general 
this may be done by extraction, chromatography, electrolysis, precipitation or adsorp- 
tion on surfaces of equal areas. From the results of work published up to now*~ and 
from the results described a further paper,® the most suitable methods are seen to be 
extraction and electrolysis. The use of ion-exchangers for this purpose will probably 
also be very advantageous. 

THEORY 

In order always to extract the same amount of the complex of the metal and the 
organic reagent from solutions containing various concentrations of this metal, it is 
necessary always to use a smaller amount of the organic reagent than corresponds to 
the stoichiometric ratio. The conditions of the extraction in this case may in general 


be determined from the fundamental equation of the extraction process: 


M* N(HA),,.. <> (MAx) NH*. (2) 


f 


The equilibrium constant of this process, K, is given by: 


[MA\,],,,.[H*}* 


K : 
[M*+][HA]%,, 


where the subscript org denotes the organic phase. By inserting the equilibrium con- 
centrations of the complex MAy and ofthe reagent HA in the organic phase, the 
concentration of the metal M in the aqueous phase and the value for K in relation 
(3), the value of the threshold pH may be calculated, at which always the same 
amount of metal can be extracted. 

The equilibrium concentration of the complex MAy is determined from the 
condition that more than 99-9°% of the organic reagent HA has been used up in 
forming the complex MAy, i.e. 


[MAx],.. Very > 0,999 24. V (4) 
LAN lorg - rg 9 N * Yorg 


where V,,, is the volume of the organic phase, and c,,, is the original concentration of 
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the reagent in the organic phase. This condition guarantees the isolation always of the 
same amount of metal with a precision of better than 0-1. 
The equilibrium concentration of the metal M is determined from the relation: 


: CHA js 
[M]. \ Cy. ¥ —.V,, (5) 
N 
where V is the volume of the aqueous phase, and Cy, is the original concentration of the 
metal in the aqueous phase. 


For the equilibrium concentration of the organic reagent it is found that: 
[HA] \ 0,001 cy, . V 
tions (3), (4), (5) and (6) the value of the threshold pH is: 


TT. | - 
NV N log K — log 0,00ley, = (7) 


sion (7) is precisely valid only in the case where the dissociation of the 
rent in the aqueous phase may be neglected, i.e. when V.[A™] 


is condition is fulfilled for a hydrogen ion concentration 
{[H>] Kua-Gaa ts (8) 


where K,,, is the dissociation constant of the organic reagent, and q,,, 1s the distribu- 
tion coefficient of the organic reagent 


For the extraction of metals by a solution of dithizone in carbon tetrachloride, the 


threshold hydrogen ion concentration, calculated according to equation (7), must be 


higher®-*’ than .- Gua 10-°} . When the threshold hydrogen ion 


¥ 


concentration is less than 10 , dithizone dissociates in the aqueous phase to such 


an extent that the condition expressed by relation (4) cannot be fulfilled. 

From an analysis of relation (7) it is evident that the first two terms on the right- 
hand side have relatively little influence on the value of the threshold pH. If, for 
example, the amount of organic reagent is less than half that which would correspond 
to the stoichiometric ratio, the sum of these two terms for V,, V is zero; if the 


amount of organic reagent is ten times lower, it is equal to 1/N etc. A far greater 


influence on the value of threshold pH is exerted by the last two terms of equation (7). 
For the determination of microgram amounts of metals, concentrations of the organic 
reagent of 10~* and less are used, the value of —log 0,001 cj, is therefore . In 
order to obtain a threshold pH value which is not too high, one can use for the deter- 
mination of metal traces by the proposed method only complexes whose value of 

(1/N) . log K is sufficiently low. This condition is best fulfilled by some dithizonates, 


oo] 


cupferrates ef The limitation mentioned, on the other hand, results in an increased 
selectivity for the various determinations. 

In Table I the K values for dithizonates of various metals, threshold pH values and 
suitable isotopes are listed for the determination of various elements by this method. 


Threshold pH values have been calculated according to relation (7) for a double 
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10. The pH region for the determina- 

he alkaline side partly by the formation of 

f dithizonates also by the formation of insoluble 


Hydrolysis of metals may be eliminate 


the use of 
DETERMINATION 


isotope 


= lif na form 
IDIC ¢ onal 5 ec 


complexing agents such as tartrates, cyanides, efc. Under these conditions the metal 


is present in the aqueous phase as a non-extractable complex MB., which is in equi- 


librium with free cations of the metal. The extraction constant of the process is in this 
case equal"! to: 
wheofH Ph [MA\x],,.[H*} K 
({M**] + [MB] [HA]; [M*+](1 + K,’[B-})[HA]§ | + K,'[B-} 
where 


[MB.] 
[M**][B-] 


and [B™] is the equilibrium concentration of the anion of the complexing agent 


By inserting relation (8) into relation (7) we obtain: 


Ni og K Ni log (1 K. [B ) log 0-00Icy, 4 (9) 


rhe threshold pH value is increased in the presence of a complexing agent, but on the 


other hand determinations may be carried out at even high pH values. 
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DISCUSSION 

Selectivity of the method 
Each organic reagent forms extractable complexes only with a certain number of 
It is therefore evident that an extractable metal can be determined in the 
presence of any excess of non-extractable metals. For instance, each of the elements 
listed in Table | can be determined in the presence of all metals not named in this 

1e presence of all metals which are not extracted by dithizone. 

termination of a certain metal may be worked out, however, even in 
etals which also form extractable complexes with the reagent 
concentration ratio of two metals in the organic phase is easily 
the individual K values. For instance, from the values of K for 


1 copper dithizonates (Table I): 


[HgAg] lO*°[Hg=*] 
10!(Cu2*] | 


, is independent of pH and [HA\,,.. The 
the organic phase will therefore be 10'* times higher than 


in the presence of excess dithizone both of these 


[AgA] 10°[Ag*][H*] 
[CuA,],,, [Cu®*][HA],,,10°* 


: charges of the elements which are to be separated are different, and the 
[CuAg],,.. depends on pH as well as on [HA],,,. In carrying out the 
pH = 0 by a dithizone solution of concentratiou 10“M ({HA] 


10-7M, see relation (6)), the following holds: 


It should therefore be possible to extract silver with sufficient precision even in the 
presence of a one hundred-fold excess of copper, but on the other hand at pH Q, 
in the presence of excess dithizone, both elements are extracted together.'° 

From the above it is evident that the metal complex having the highest value of K 
can be selectively separated from the other metals which form extractable complexes 
with the given organic reagent. Thus, for instance, the selective separation of mercury 


m of a dithizone complex may be expected (only palladium interferes, see 
iron’ in the form of a complex with thenoyltrifluoroacetone or acetyl- 


acetone: of gallium!" in the form of a complex with 8-hydroxyquinoline, etc. 


If the K values of separated complexes are near to each other or if the K value of the 
interfering complex is higher than that of the determined complex, a selective separa- 
tion may even then be obtained by the addition of a further complexing agent, which 
forms a non-extractable complex with the interfering ion. 

From the values of K we see, for instance, that in the determination of bismuth by 
dithizone palladium, mercury, silver and copper interfere (see Table 1). In the 


| 
I 
t 


presence of cyanide ions, however, these ions do not interfere, because stable cyanide 
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complexes are formed. Thus, in the determination of bismuth in the presence of 
mercury at pH 9 and [CN] 10-* M from relation (3): 


[BiAs] 10°[Bi?* ][HA],,., 10%! 
[HgA,] 1026 C,H) 


where He [Hg?*] +- [Hg(CN,?-)] = [Hg?*)0. + K yevex [CN-}*) 


j Hf 
(K'yercn), 10*), 


In the presence of cyanide ions there will be a far larger amount of bismuth in the 
organic phase, even in the presence of excess mercury"! ions. As we see from the 
values of K for lead and tin dithizonates, these elements will not interfere in the 
determination of bismuth by this method, though in the conventional extraction 


for like bismuth they 


procedure in cyanide medium these two elements interfere," 
form only very weak cyanide complexes. 

Similarly, the influence of interfering metals may be eliminated by the use of 
precipitating agents. For example, diethyldithiocarbamate forms sparingly soluble 
crystalline precipitates with most metals, except zinc. If the solubility products of 
these precipitates are known, the influence of interfering metals can easily be deter- 
mined. Thus, for the extraction of zinc in the presence of mercury and diethyl- 
dithiocarbamate: 

[ZnA,] [Zn=*]10° P,, - 10° 
[HgA,] [Hg-*] 10° PP, . 10* 


where P,,, and Py, are the solubility products. 
Because Py, 10-** P,.,, it is possible to determine zine even in the presence of 


mercury.-’*) 


Limitations of the method 

The use of the proposed method for the determination of amounts of metals larger 
than | mg is not advantageous, because physicochemical analytical methods may be 
used whose precision is, under these conditions, better than the precision of radio- 
metric methods, which is controlled by the statistical character of radioactive decay. 
The sensitivity of the method is limited by two factors: (a) the organic reagent 


employed cannot be diluted infinitely, and (b) at present there are not radio-isotopes of 


sufficiently high specific activity at hand for all cases. The latter limitation will 
doubtless be solved by the development of a procedure for the preparation of carrier- 
free radio-isotopes. 
CONCLUSION 

On the basis of the principle described, a number of selective determinations of 
trace amounts of metals in the form of complexes with various organic reagents can be 
worked out. Up to now the proposed method has been used for the selective deter- 
ml. 


9 ~ 


mination of zinc in amounts of the order of 10°° to 10 

As was said at the beginning of this paper, a separation of similar amounts may 
also be carried out using ion-exchangers. The principle of this method is as follows: 
to the solution, which contains a number of metals, add a complexing agent which 
forms with the metal to be determined the most stable neutral or negatively charged 
complex. If the amount of added complexing agent (for instance EDTA) is lower than 





ric ratio, then by passing this solution 


amount of metal complex can always be 
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ique, et d'une mesure de la radioactivité du 
toujours étre inférieure a celle 

théorique de l’extraction est donnée 
metaux peut etre ainsi dose avec une 

lle par un exces stoechiométrique de 


rs ont prevu les c¢ itions de dosag 


ae m genants sont 


{N SSSR, 1958.9 


ro- und Spurenanalyse Verlag € hemie, 





Talanta, 1961, Vol. 8, pp. 235 to 240. Pergamon Press Ltd. Printed in Northern Ireland 


SPECTROPHOTOMETRIC DETERMINATION OF 
PALLADIUM WITH NITRILOTRIACETIC ACID 


PIER GIORGIO DESIDERI and FRANCESCO PANTANI 


Institute of Analytical Chemistry, University of Florence, Italy 
( Received 29 November 1960 iccepted 9 December 1961) 


Summary— Palladium!" tn aqueous solution yields with nitrilotriacetic acid a complex which is suitable 
: | | 
for the spectrophotometric determination of this element. The other platinum metals interfere when 
I 
resent in appreciable amounts. The influence of pH, ionic strength, and palladium and nitrilotri- 
i t i 
tad 


acetic acid concentrations are investigated. Evidence is given for the presence of a bico-ordinated 


palladium complex 


UNLIKE that of other metals, the behaviour of the noble metals with complexones is 
only slightly known. This is due to the fact that the platinum group metals either 
cannot form complexes with ligands of this type or can only do so in special conditions. 
Palladium, the least noble among the metal ions of the platinum group, is able to form 
complexes with ethylenediaminetetra-acetic acid (EDTA) as Hynes et al.,! Flaschka? 
and MacNevin and Kriege’ have pointed out. The last two authors, in a later work4 
affirm that iridium!’ can also be complexed by EDTA in strongly alkaline media. 

In a wide investigation, which is being carried out in this Institute®® for analytical 
purposes, of the behaviour of the noble metals with several ligands, a study of pallad- 
ium complexes with nitrilotriacetic acid (NTA) has seemed worth while. The lack of 
publications on the behaviour of NTA with noble metals has to be taken into account, 
as well as the ability of this ligand, in some cases,’ to form complexes with a metal- 
ligand ratio other than 1:1. 

EXPERIMENTAI 
Apparatus 
Absorbance measurements were made with a Beckman DI spectrophotometer, Il-cm silica cells 


being used 


Reagents 


Palladium solution: Prepared by dissolving PdCl, in 0-1M hydrochloric acid and diluting, to give 


530 wg of Pd**/ml. The solution was standardised gravimetrically with dimethylglyoxime. 


Nitrilotriacetic acid: This solution, after neutralisation with sodium hydroxide, was standardised 
with magnesium" solution. 

Solutions of other noble metals were prepared by diluting standard solutions prepared from IrCl,, 
IrCl,, H.PtCl,, RuCl,, and Na,;RhCl,. 


RESULTS 
In a hydrochloric acid medium a deep red-brown chloro complex is formed when 
palladium" is present, becoming yellow in colour in very dilute solutions. In the 
violet and ultraviolet range a sharp absorption appears. On adding a small amount of 
NTA to these solutions, a non-visible reaction occurs, although a noticeable variation 
in the spectrum can be observed, as is shown in Fig. 1: the maximum is shifted 
towards a shorter wavelength and the absorption increases greatly; on the whole, the 


935 
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spectrum appears to be altered appreciably. It is evident that palladium" has been 
complexed by NTA. When the ligand concentration increases, the colour of the 
solution decreases slightly. 

The palladium'!'"-NTA complexes can be formed either in acidic, neutral or 
alkaline media, as shown in Fig. 2. A considerable change of the absorption maximum 
is observed when the hydrogen ion concentration is altered. In the range pH 0-3 the 
absorbance increases remarkably with pH. On the other hand, in the range pH 3-11 
rbance is constant, and it decreases above pH 11. As is shown in Fig. 3, a 


ric determination can be performed by adjusting the solution to 


formation of the palladium-NTA complex ts practically instantaneous: 

; carried out at several intervals on the same solutions have not shown 
lifferences 

ng the optical density corresponding to the absorption maximum 

concentration in a palladium! solution at pH 7, an unusual curve is 

a maximum is reached (at 360 mu) with a ratio of Pd: NTA = 1:1: 

ts of NTA a decrease is observed up to a ratio of 1:2. At the same 


maximum is slightly shifted to a shorter wavelength. Beyond the 


variation is observed at 330 mu, which is the wavelength of 


rpretation of this phenomenon, which is illustrated in Fig. 4, 


erpl 

; follows: in the presence of a low concentration of complexing agent, 
‘x is firstly formed; with increasing NTA, a more co-ordinated complex 
solution which presumably has a co-ordination number of 2. The ability 
'ion to co-ordinate two NTA molecules is not completely unexpected : 


] ' 
biUil 


1 


f the bico-ordinated complex depends on the relatively small volume of 


ticularly as compared with that of EDTA. Indeed, the only practical 


nplexing agents consists in the smaller dimensions of 
r’s law in the above mentioned range of pH is shown both by the 

yrdinated and by the bico-ordinated complex. However, in the case of an 
determination the ligand concentration must, of course, be higher than that 
> 1:2 complex. A large excess of NTA does not interfere. A suit- 

from 20 to 220 ppm of palladium. In Table I quantitative 


TABLE | DETERMINATION OF PALLADIUM WITH 


NITRILOTRIACETIC ACID 


Pd found, ppm 





Spectrophotometric determination of palladium with nitrilotriacetic acid 





0-8 








Fic. | Absorbance curves for (a) palladium-chloro complex, and 


(b) palladium-NTA complex. (Pd 106 ppm, pH ) 














Fic. 2.—Absorbance curves for palladium-NTA complex at (a) PH 1°81, 
(b) pH 6°86, and (c) pH 11-93. (Pd 106 ppm, Pd/NTA 1:1). 
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Absorbance maximum with change of pH for palladium-NTA 


complex (Pb 106 ppm, Pd/NTA 1:1). 





———— 











0-5 
[Pd?*] / [Pa**] + reagent 


;. 4.—Job’s method of evaluating the composition of the 
palladium-NTA complex. 


The ionic strength has been maintained constant at about 0-1 by means of sodium 
perchlorate. An increase in the ionic strength does not involve any appreciable 
difference in the values of the maximum absorbance, as is shown by the results in 
Table Il 
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TABLE Il EFFECT OF THE “IONIC STRENGTH’ ON THE ABSORBANCE 
OF THE PALLADIUM-NTA COMPLEX 
(Pd 106 ppm, Pd/NTA l 


2) 


; Optical density 
lonic strength 


330 my 


0-448 
()-452 
0-450 
0-447 
0-445 


Che use of a buffer, such as a phosphate one, to adjust the pH of the solutions in the 


range 5—9, is permissible. Measurements made after adjusting the solutions to the 
required pH range with sodium hydroxide, potassium hydroxide or with phosphate 


buffer yielded similar results. 
Inte rfering ions 


The metals of the platinum group interfere with the determination of palladium 
with NTA when they are present in appreciable amounts. 


The interferences were 
studied by 


observing the absorbance change taking place in a standard solution of 


TABLE III TOLERANCE TO OTHER PLATINUM METALS 


| Limiting concentration, 
on . 
ppm 


f 


palladium" containing an excess of NTA, on the addition of the 


other metals in the 
form of chloride solutions. The solutions were adjusted to pH 


0-5 with sodium 


hydroxide, potassium hydroxide or phosphate buffer. In Table LI are reported the 
amounts of the other metals which produce a variation of 1° 


if 


in the optical density. 
The interference of noble metals can be easily eliminated by separating the palladium! 


TABLE I\ DETERMINATION OF PALLADIUM AFTER SEPARATION FROM 


Ir?¥, Pt!¥ and Rh!!! witH DIMETHYLGLYOXIMI 


Pd found, 
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by precipitation with dimethylglyoxime according to the method of Ayres and Berg,* 


digesting the precipitate with aqua regia, and then evaporating the solution to dryness. 
The residue is taken up in dilute hydrochloric acid, and the solution is adjusted to 
pH 7 0-5 after the addition of an excess of NTA. The absorbance is measured at 


330 mu. In Table IV are reported the results obtained by this method in the deter- 


mination of palladium in the presence of appreciable amounts of platinum, iridium 


Chis work was performed under the financial support of C.N R. 
Zusammenfassung— Palladium(I1) gibt mit Nitrilotriessigsaure in alkalischem Medium einen Komplex, 
etrische Bestimmung des Metalles erméglicht. Andere Platinmetalle st6ren, wenn in 


ler d nhot 
aer die pri 


ren Mengen anwesend. Der Einfluss von pH, Konzentration der Reaktanten, sowie der 


PTOSSCI 


Evindenz fiir einen bi-coordinierten Komplex wird erbracht 


Résumé—Le palladium (II) en solution aqueuse donne avec l’acide nitrilotriacétique un complexe qui 
ur le dosage spectrophotomeétrique de cet élément. Les autres métaux de la mine du 
ind ils sont en quantités appréciables. Les influences du pH, de la force ionique, des 

idium et de l’acide nitrilotriacétique ont été étudiées. Les auteurs montrent la 
sexe bicoordonné du palladium 
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APPLICATIONS OF INFRARED SPECTROSCOPY—IV* 


THE CAUSES OF ANOMALOUS ALKOXYL DETERMINATIONS 
GIVEN BY SUGARS AND POLYHYDRIC ALCOHOLS 


D. M. W. ANDERSON® and J. L. DUNCAN 


Department of Chemistry, The University, Edinburgh 9, Scotland 
( Received ctobe 1960 nted § December 1960) 


Summary The volatile reaction products Irom Zeisel determinations on sugars and related com- 
pounds have been identified. One of the products from certain common sugars is 2,5 dimethylfuran, 
which interferes with the Vieb6ck iodometric determination of alkyl iodide, and has been shown to be 
a contributing cause of apparent alkoxyl values. Suggestions that hexyl iodide is evolved from sugars 


and that vinyl iodide is a product from polyhydric alcohols have been disproved 


ZeISEL determinations on unmethylated sugars and polysaccharides have been 
reported?.* 
materials would give slightly high analytical results, and made particularly difficult the 


O give small apparent alko values. This implied that all carbohydrate 
to give small apparent alkoxyl val his implied th ll carbohydrat 


interpretation of analyses of polysaccharide functions having a small but real methoxy] 
content. 

In contrast, Goldstein and Smith’ found that certain periodate oxidation products 
gave very high results. They proposed that the liberation of “extra” alkyl iodide 
from polyhydric alcohols such as glycerol was responsible. Von Rudloff* had earlier 
reported that polyhydric alcohols gave anomalous alkoxyl values. Strangely, he also 
obtained very unsatisfactory results for «-methyl-p-glucoside, a recommended 
reference standard? which gives excellent results.°~® Although it had been clearly 
established that the volatile products from ethylene glycol were ethylene ethyl 
iodide, von Rudloff claimed that vinyl iodide +- ethyl iodide were formed. 

It is significant that the apparent methoxyl values quoted for standard compounds 
e.g. glucose and sucrose, ranged from zero to 0-4% (cf. refs. 1 and 2). Modification of 
Willstatter and Utzinger’s trimethylamine technique" was found’ to give results 
more satisfactory (although still high) than were obtained by the more convenient 
Viebéck iodometric titration. Recently, in a paper’ which apparently repeats the 
published description“ of a combustion method for alkoxyl determinations, Fukuda 
states that the method is not applicable to carbohydrates or related substances; the 
combustion method fails, in fact, for compounds liberating any non-acidic organic 
vapour in addition to alkyl iodides. 

The identity of the volatile products from carbohydrate materials, and the sources 
of error contributing to the anomalous results, have hitherto not been clearly 
established. For simple sugars, Gran*® showed that the apparent methoxyl content 
was not caused by traces of contaminating alcohols efc. He suggested that the 
formation of volatile hexyl iodides was responsible, although he could not identify or 
isolate such products. 

* Part III—D. M. W. Anderson and J. L. Duncan, Ta/anta, 1961, 8, 1. 
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oposals of von Rudloff and Gran were clearly based on inadequate experi- 
15 


investigation was desirable. Following our studies”: 


rmination, it appeared that va sour-phase infrared 


sntify the volatile products from sugars and 


XPERIMENTAI 


ns were as 


method for their 


not described in 


where necessary, 


re refluxed for 1 hr with 

ned*) using nitrogen as flow-gas (6-8 ml per min.) 
ifter passage through Anhydrone, in a trap immersed 
ture were subsequently identified and quantitatively 
2-iodohexane (b.p. 165°) was insufficiently 

*nts were identified without difficulty; none of 


of the components by vapour-phase 


n 1 hr from 30-mg to 60-mg samples of 


The products from polyhydric alcohols are 


> are shown in Table III. 


only small amounts of iodine were released, insufficient to 
condenser walls: iodine did not pass the condenser. With 
Although 


ondensed, some iodine reached the cold trap in which the volatile 


ng samples, however, extensive volatilisation occurred.’ 


collected. The efficiency of removal of such quantities of iodine by 

antimony tartrate in the B.S. design of scrubber? was therefore 

100 mg of iodine were refluxed with pre-conditioned hydriodic acid, the 

amount of iodine passing the scrubber increased the reagent blank from 0-03 ml of 
0-O1N sodium thiosulphate to 0-06 ml (cf. ref. 8). When 500 mg of glucose was 
reflux he apparent methoxyl content found iodometrically was exactly equivalent 


to the am f methyl iodide found by the infrared method in a duplicate run. 





Anomalot 


( slucoheptose 


2-Deoxyglucose 
5-Hydroxymethylfurfural 
Glucose, hexoses 
Fructose, s¢ 
Rhamnose, fucose 


ne HC] 


se 
Glucosam 
Sucrose 

Glucurone® 
Xy lose, 


Furfural 


pentoses 


5-Ketogluconolactone 


t 


tone 


Galactono-y-lac e 
Erythrose 
Glyceraldehyde 

Oat starch 
Waxy maize starcl 
Glycogen 

Inulin 

Agar’ 

Cellulose 


Araboxylan 


B.D.H 


d 


Lt 


Compound* 


Sorbitol, mannitol 


Ribitol 
Erythritol 
Glycerol 
Ethylene glycol 
Allyl alcohol 
Vinyl ethy! ether 


* 


Reaction details as in Table 


For yields of alkyl iodides, 


is alkoxyl determinations 


TABLE 


Yield of volatile products 


n-Buta 


Volatile prodt cts 


CO, (tr) n-hexane (tr) 
CO, (tr) 
CO, (tr) 


isopropyl iodide 


n-pentane (tr) 


2-iodobutane 


ethylene ethyl iodide 


isopropyl iodide 


ethyl iodide 


1, footnote 


see Discussion: tr denotes 0-02 





2-1iodohexane 


2-iodopentane 
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DISCUSSION 
When a carbohydrate material is suspected to have a low methoxyl content, large 
sample weights must be employed if the methyl iodide released is to be determined 
accurately. There is also a tendency for reflux periods longer than normal to be used 
(cf. ref. 2). Table IIl shows that up to a certain ratio (100 mg of sample per 6 ml of 
hydriodic acid) the volatile products from sugars are independent of the sample 


weight taken: for larger samples, different decomposition mechanisms are clearly 


rABLeE III 


Reflux 


period, hi 
I 


Volatile products? 


CO, (tr) -+- n-hexane (tr) ,5-dimethylfuran (2%) 
CO, (tr) +- n-hexane (tr) ,5-dimethylfuran (4°) 
CO, (tr) 

CQ, (tr) methyl iodide (0-12) 


CO, (tr) methyl iodide (0-4) 


f HI under reflu elds expressed as in Table 1 


involved. Hexyl or other iodides are only liberated, however, when hexahydric 
alcohols are present. This, therefore, refutes the suggestion made by Gran.* Table ITI 
shows that methyl iodide is only formed when exceptionally large weights of sugars 
the very small amount liberated (equivalent to 0-03% and 0-1% of 
after | and 3 hours respectively) does not explain in full the anomalous 

yusly reported. 
Alternative possible sources of error were therefore investigated. Those included 
(a) volatilisation of iodine, (4) formation of 2,5-dimethylfuran and of hydrocarbons and 


etention by polysaccharides of organic solvents used in their preparation. 


y 
Volatilisat )} yt 1odInNe 


Previous workers’? have commented on the volatilisation of small but significant 


quantities of iodine. In particular, Belcher® showed that volatilisation could occur, 
althougl rrect results were obtainable if the appropriate increased “blank” value 
account. This, however, indicates that iodine vapour, when liberated 

s not fotally retained by aqueous scrubbers. Our results are in agreement, 


ts of iodine passing the scrubber are very small, even under testing 


ition of iodine is therefore not the only possible source of error, although 
lave made a major contribution to some of the high results reported by 
previous workers, particularly when very large sample weights, fast flow rates and long 


reflux periods were used. Any tendency for errors to arise through volatilisation of 


I 


odine can be minimised by use of the solid scrubber, soda-asbestos.'” 


Result of formation of 2.5-dimethylfuran 

rhe observation that 2,5-dimethylfuran is one of the volatile reaction products 
from certain sugars permits a new explanation of anomalous high results to be given. 
Soda-asbestos and the scrubbing solutions normally used in the Zeisel determination 


y 


do not absorb 2.5-dimethylfuran. 
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When 100 mg of this compound were added to 10 ml of the conventional oxidising 
solution (glacial acetic acid/bromine/potassium acetate) used in the iodometric 
determination of alkyl iodides,” a reaction, clearly involving bromine, took place. A 
precipitate, found to be potassium bromide, was produced. When the determination 
was completed in the usual way, the thiosulphate titre indicated, when carried out 
immediately, an apparent addition of 0-9 mg of methyl iodide. If 10 min were allowed 
to elapse before titrating,® the titre was equivalent to 1-8 mg of methyl iodide, indicat- 
ing 0-4° 
methoxyl content was 1:2%. Furan and 2-methylfuran reacted similarly, but liberated 


( 


of methoxyl. Slow liberation of iodine continued for 5 hours, when the apparent 


smaller quantities of iodine than 2,5-dimethylfuran. The effect of 2,5-dimethylfuran 


Glucose, CH.OH CH.OH 


fructose pA 


Fi 


was not associated with addition of excess formic acid*’ or excess sodium acetate and 
sulphuric acid,** and clearly contributes to the anomalous Zeisel reactions of sugars. 

When furan is added to a cold solution of bromine in acetic acid containing potas- 
sium acetate, potassium bromide is precipitated and 2,5-diacetoxy-2,5-dihydrofuran, 
which is hydrolysed to malealdehyde, is produced in good yield.** Our experiments 
show that both 2-methyl- and 2,5-dimethylfuran react analogously to furan, although 
2,5-diacetoxy-2-methyl-5-hydrofuran was too unstable*:** to be isolated from the 


2-methylfuran reaction mixture. The following facts suggest that the hydrolysis 


products are involved in the liberation of titratable iodine: (a) iodine is released 


continuously for 4-5 hour, (4) the relative instabilities of the diacetoxy addition products 
increase in the order, furan, 2-methylfuran, 2,5-dimethylfuran, which is the order of 
increasing yields of iodine by these substances. 

Pathway A in Fig. 1 shows a possible reaction mechanism for the unexpected 
formation of 2,5-dimethylfuran. When 5-methylfurfural was refluxed with hydriodic 
acid, extensive resinification and polymer formation occurred; negligible amounts of 
2,5-dimethylfuran were produced. Pathway B is therefore not operative. From 
Tables I and I], it is also apparent that reaction of glucose with hydriodic acid does 


not involve the intermediate formation of sorbitol. 
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Juantitative infrared experiments showed that 100 mg of glucose refluxed with 
lic acid (6 ml) for | hour liberated 2 mg of 2,5-dimethylfuran. This, it can be 

he results already given, would liberate iodine equivalent to an 

»xyl content of 0-01 The yields of 2,5-dimethylfuran that are found 

of the magnitude reported by Adams and Castagne,’ whose 


been duplicated in experiments using the Vieb6ck titration. 


vd Ca } 76 wd a 
carbons liberated (see Table 1) are, like 2,5-dimethylfuran, not retained 
s normally employed. Pentane, hexane and heptane did not interfere 
ough a sluggish starch/iodine end-point, caused 
slicht solvent-extraction of the iodine, was observed 
ows that certain substances liberate small amounts of acecone. Morgan" 


t acetone might interfere in Vieb6ck determinations. The blank values 


’ ’ ’ 
, / , 7 
\/ ic GQiconots 


vs the volatile products given by polyhydric alcohols. Propylene was 
glycerol (cf. ref. 10). We confirm, however, that the relative 
ethylene and ethyl iodide produced from ethylene glycol are affected by 
® we found that the concentration of phenol used as solubiliser was 
and this effect is under investigation. For the present purpose, one mole 
lycol gives 0-4-0-6 mole of ethyl iodide. 
| mole of glycerol liberates 0-9-1-0 mole of iso-propyl iodide. The 
y ascribed’:® to iso-propyl iodide is difficult to understand; even 
is sufficiently volatile for approximately 0-8 mole to be given by | mole 
in | hour. 2-Jodopentane and 2-iodohexane are less volatile, but the 
volatilised in 1 hour indicated apparent methoxyl contents of 40°, for 


for mannitol. (cf. ref. 4). 


li vl iodide 
Von Rudloff’s proposal that vinyl iodide was formed from ethylene glycol in the 
Zeisel reaction was not substantiated. Allyl alcohol gives 1 mole of iso-propyl 
iodide, whilst vinyl ethyl ether gives | mole of ethyl iodide as the only volatile product 


(see Table Il). Vinyl propionate gives no volatile products. The reaction 


R-O-CH:CH, _# R-OH + CH,CHO 


> 


(which represents the essential reaction involved in the standard method* for analysis 
of vinyl ethers) explains our findings. Vinyl groups are converted to acetaldehyde, 
which immediately polymerises so that no volatile products result. Vinyl iodide is 
therefore not a possible volatile reaction product in Zeisel determinations. 

Von Rudloff’s proposal’ was based on the detection of formaldehyde after passage 
of the volatile products from the reaction of ethylene glycol with HI (i.e., ethylene and 
ethyl iodide) through a permanganate-periodate reagent. Tests show that this 
oxidising reagent produces some formaldehyde from ethylene; there is therefore no 


need to postulate formation of vinyl iodide in order to explain the production of 


formaldehyde. 
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CONCLUSIONS 
It is evident that several factors can contribute to cause anomalous results. Samples 


should not be larger than required to give the minimal amount of methyl iodide 


determinable. The reflux period should not be longer than normal; true methoxyl 


12 9 1 


compounds react within 8 minutes,’:*:!%.26 and it is suggested that reflux of carbo- 


hydrate materials for longer than | hour leads only to increased error. High results 
from volatilisation of iodine can be eliminated by using the soda-asbestos scrubber.*!9 
Small positive errors of the magnitude reported by Adams and Castagne’ are given in 
the Vieb6ck procedure; these are caused by the production of 2,5-dimethylfuran. 

Che larger errors reported by certain authors (cf. refs. 1,2) cannot be explained by 
the 2,5-dimethylfuran contribution alone; two suggestions can be offered. Firstly, 
that abnormally large samples were allowed to react for excessive periods, so creating 
errors through liberation of 2,5-dimethylfuran and volatilisation of iodine; and 
possibly also, in extreme cases, through formation of methyl iodide. Secondly, that 
the polysaccharide samples concerned retained small amounts of organic solvents, 
particularly alcohols, ethers or esters used in their preparation or isolation. Jansen*’ 
warned that pectic materials were particularly liable to give this effect; the warning 


8 


has been repeated more recently with regard to wood products. Experiments” have 
shown that organic solvents used to de-fat or dehydrate polysaccharide materials are 
retained, up to temperatures at which the materials begin to decompose, despite oven 
and high-vacuum drying at temperatures much higher than the boiling-point of the 


solvents involved (cf. ref. 27). 


Although pectic materials and plant gums gave the 
greatest retention, starches retained smaller but easily measurable quantities (cf. 
rel 30). 

Polysaccharide materials isolated with the aid of organic solvents should therefore 
be re-dissolved, dialysed and freeze-dried wherever possible, otherwise misleading 
results will be given in alkoxyl and other analyses: care should still be taken with 


freeze-dried samples, which can retain solvents.*! 


When freeze-drying is not possible, 
the use of methanol and methoxy compounds should be avoided; analysis by one of 
the valid methods™:** for methoxyl in presence of ethoxyl can then be used. For 
materials suspected to contain both methoxyl and ethoxyl groups, the use of iso- 
propanol or acetone during preparation will allow the infrared method” to give the 
true content of both alkoxyl groups: methoxyl determinations may also be made in 
the presence of polyhydric alcohols, since none of these (see Table II) liberate methyl! 
iodide. Indeed, examination of the spectrum of the mixture of volatile reaction 
products would also reveal which polyhydric alcohols, or mixtures thereof, were 
present, if this were not otherwise known. Valuable evidence in structural studies, in 
the detection of anomalous linkages, and in the examination of products obtained by 
periodate oxidation’ or hydrogenolysis* may thus be given by the infrared method, 
which also offers a rapid method for “difficult” analyses such as the determination of 


glycerol in presence of residual sugar substrates and 2,3-butanediol.™ 


{icknowledgements—We thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest in this work, and 
the Carnegie Trust for the award of a Scholarship (to J. L. D.) 


Zusammenfassung—Die fliichtigen Reaktionsprodukte, die wahrend der Zeiselbestimmung von 
Zuckern und ahnlichen Substanzen entstehen, wurden identifiziert. Ein Produkt aus gewohnlichen 
Zuckern ist 2,5-Dimethylfuran, welches die Bestimmung von Alkyljodid nach Viebéck stért. Es 





248 D. M. W. ANDERSON and J. L. DUNCAN 


wurde gezeigt, dass diese Substanz dazu beitragt, dass scheinbare Alkoxylwerte erhalten werden. Die 
dass Hexyljodid gebildet wird und dass Vinyljodid als Produkte aus Polyalkoholen 


inzutretiend bew lesen 


luits de réaction volatiles obtenus dans les dosages de sucres et de composes 


| 
le de Zeisel ont été identifiés. Un de ces produits obtenu a partir de certains 


hoc 
2,5-dimethylfuranne, qui géne dans le dosage de l’iodure d’alkyle par la méthode 
rs ont montré que ce produit était la cause des valeurs apparentes d’alkoxyle. 
ntes ont été refutées: de liodure d*hexyle se dégage a partir des sucres, l’iodure 


t obtenu a partir des alcools polyhydriques 
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METALLOCHROMIC INDICATORS—X* 


\ NEW MIXED INDICATOR FOR CHELATOMETRIC DETERMINATION 
OF CALCIUM 
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Spolana, N.E., Research Centre of the Lachema Plant, Brno, Czechoslovakia 
and 


Pharmaceutical and Biochemical Research Institute, Prague, Czechoslovakia 
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Summary—A new mixed indicator for chelatometric determination of calcium, prepared by mixing 


fluorescein complexone and phenolphthalein complexone in the ratio of 4:1, is described. It has 


} yf 


been shown by comparison with fluorescein complexone alone that in chelatometric titrations of 


h 1h) “na 


calcium in pure solution and in the presence of sodium salts this mixed indicator gives a sharper end- 


point and a more accurate recovery of calcium 


IN a previous communication of this series,’ the properties of phenolphthalein com- 
plexone have been described, the reaction of which with calcium is especially notable 
at lower pH (10-11) calcium ions cause a colour change from pink to red; in more 
alkaline solution (pH 13-14), where the indicator is itself coloured intense purple, an 
almost complete discoloration takes place on addition of calcium. On titration with 
EDTA the original colour returns.’ This diverse behaviour of phenolphthalein com- 
plexone toward calcium ions in different pH ranges has been explained by assuming 
differences in the nature of the bond between the phenolic oxygen of the indicator and 
the cation; it is postulated that at lower pH values the bond has an ionic character, 
while at higher pH it is predominantly covalent.*”* 

rhe possibility of the practical application of phenolphthalein complexone as an 
indicator in chelatometric titrations of calcium has not been studied in detail so far, 
since in preliminary experiments it did not appear promising in comparison with other 
more suitable “complexan-type” indicators. The end-point colour change at higher 
pH has not been found sufficiently sharp for practical purposes. However, interesting 
phenomena have been observed? when using phenolphthalein complexone in mixture 
with fluorescein complexone (Calcein, Fluorexon).* At a suitable ratio of these dyes, 
the pink colour of the calcium complex of phenolphthalein complexone is screened by 
the intense green fluorescence of fluorescein complexone. On the other hand, at the 


equivalence point, the purple colour of the free phenolphthalein complexone fully 


obscures the residual fluorescence of fluorescein complexone. Hence, this combination 
represents a unique case where the disadvantages of both indicators are mutually 
corrected. For this reason, this combination has now been examined in detail in 
order to find the most advantageous ratio of the indicators; the application of the 
resulting mixed indicator to the chelatometric determination of calcium led to an 
improvement in the end-point change and to an objective increase of accuracy as 
compared with fluorescein complexone when used alone. 
* Part IX: See Coll. Czech. Chem. Comm., 1960, 25, 1037. 
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EXPERIMENTAI 


0-025M: Prepared by d ving 18-62 g of disodium dihydrogen ethylenediamine- 


r to 2000 mi 1e solution was standardised in the usual manner 
m A.R. calcium nitrate. Its titre was checked by 


thymolphthalein complexone and cresolphthalein 


na) and phenolphthalein complexone (Fenoiftalexon 


ground mixtures with potassium chloride 


ml of 5N potassium hydroxide were added. The 
r, indicator was added, and the solution was titrated with 
y of the brilliant green fluorescence (in the case of fluorescein 


ur change from pale yellow to purple-red All titrations 


( 


ynle 
OTT PLE 
/ 


he fluorescent end-point of this indicator, and also the accuracy of 
calcium in pure solution, are proportional to the amount of 

ed. With an increasing amount, the end-point is less sharp and the 
idual determinations are scattered over a larger interval. The errors in 
f calcium are predominantly negative and the standard deviation shows 


amounts of sodium (added as sodium chloride), the 
is affected by the relatively strong residual fluorescence 
verage recovery of calcium appears to be slightly high, and the 


decreases, as deduced from the values of 
1s with fluorescein complexone as indicator are given in 


WITH FLUORESCEIN COMPLEXONE AS INDICATOR 


Na added, Ca found, Standard Number 


deviation of detms 


5-00 0-016 
10-00 ) 0-039 
24 0-048 
0-056 

10-03 0-045 

10-02 0-073 


ixed indicatoi 
establish the optimum ratio of the indicators, preliminary experiments 
with fluorescein complexone—phenolphthalein complexone mixtures 
nging from 6:1 to 1:1. The best fluorescent and colour end-point with 
» sharpness has been observed when using this mixture in a ratio of 4:1, and 
ns with this mixed indicator have given the most accurate and reproducible 


f calcium 





Chelatometric determination of calcium 251 

In comparison with fluorescein complexone alone, the determination with this 
mixed indicator gives a more regular distribution of the results around the theoretical 
value and the standard deviation remains practically constant, even with calcium 


amounts up to 50 mg. When sodium is present in a 20 50-fold excess, the end-point 


change remains sharp, since the disturbing influence of the residual fluorescence is 


negligible. Although the results show a slight tendency for higher recoveries of 
calcium in this case also, the accuracy of the determination isnotunfavourably affected 


by the presence of sodium (see Table II). 
TABLE II TITRATION WITH THE MIXED 


i taken, Na added, Ca found, Standard Number 


meg me me deviation of detms 


5-00 5-01 0-024 
10-00 10-01 0-025 

24:98 0-021 
49-99 19-97 0-027 
10-00 10-00 0-014 
10-00 10-02 0-034 


DISCUSSION 

Fluorescein complexone is one of the best chelatometric indicators for the deter- 
mination of calcium. Nevertheless, further improvement has been achieved by com- 
bining it with phenolphthalein complexone. This combination has a sound theoretical 
basis since it provides a mutual correction of disadvantages of the two indicators. 
The new mixed indicator is especially suitable for the chelatometric determination of 
calcium in the presence of sodium salts, where fluorescein complexone alone gives only 
a poor fluorescent end-point change.° 

In respect of interferences of other cations, the proposed mixed indicator has the 
drawbacks of both of its components. In spite of this fact, we believe that the mixed 
indicator will find valuable applications in those cases where the determination of 
calcium is preceded by its separation from other interfering elements. 

It is true that one of the tendencies of modern analytical chemistry is the search for 
new methods of determination of a given cation even in complex mixtures. However, 
there also exists a simultaneous development of modern separatory methods which 
justify the elaboration of procedures for determining individual cations in pure 
solutions. In such cases, the proposed mixed indicator allows the most accurate 


determination of calcium known so far. 


Zusammenfassung—Ein neuer Indikator fiir die chelatometrische Bestimmung von Calzium, herge- 
stellt durch Zusammenmischen von Fluoresceinkomplexon und Phenolphthaleinkomplexon im 
Verhaltnis 4:1, wurde beschrieben. In Vergleichsversuchen mit Fluoresceinkomplexone allein 
wurde gezeigt, dass bei der Titration von Calziumin reiner L6sung oder in Anwesenheit vom Natrium- 


salzen, der beschriebene Mischindikator einen scharferen Endpunkt sowie genauere Resultate gibt. 


Résumé—Les auteurs ont décrit un nouvel indicateur mixte pour le dosage complexomeétrique 
du calcium; cet indicateur est préparé en mélangeant du fluorescéine-complexone et du phénol- 
phtaléine-complexone dans le rapport 4/1. Les auteurs ont montré, par comparaison avec le 
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ce de Seis de 


fluoresceine-complexone seul, que, dans les titrages complexométriques du calcium en solution pure 


plus précise du calcium 


> sodium, cet indicateur mixte donnait un point équivalent plus net et une 
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Summary—A new selective titrimetric method for the determination of minute amounts (75 to 250 
ug) of nickel has been evolved. Nickel is precipitated as nickel dimethylglyoxime. The washed 
precipitate is dissolved in 20°, hydrochloric acid and hydrolysed, producing an equivalent amount 
of hydroxylamine. The hydroxylamine content is determined in the hydrolysate by oxidation with 
bromine chloride, being converted to nitric acid. The equivalent weight of nickel in the method 


corresponds to 1/24 of the atomic weight 


THE analytical methods evolved for the determination of nickel ions on the basis of the 
formation of a precipitate of nickel dimethylglyoxime practically insoluble in water! 
are extremely selective. In addition to nickel! ions, only palladium" ions are capable 
of forming a precipitate with dimethylglyoxime. The former can be precipitated 
quantitatively in an ammoniacal solution (or one buffered by acetate), while the 
precipitation of the latter requires a medium slightly acidified by hydrochloric acid; 
palladium dimethylglyoxime is readily dissolved in ammonia. Thus it is possible to 
separate nickel from palladium by altering the pH value of the reaction mixture. The 
coloured complexes of dimethylglyoxime with iron™, cobalt!! and copper! ions are 
soluble in water, and they only interfere with the quantitative precipitation of nickel in 
very high concentrations. 

Many papers” deal with the practical application and selectivity of the analytical 
methods based on the formation of nickel dimethylglyoxime. The majority of these 
methods are gravimetric ones. It is also possible to determine amounts of nickel from 
0-01 to 0-1 mg by photometry,* using the water-soluble coloured complex of dimethyl- 
glyoxime formed with nickel'Y ions. By using an ethanolic solution of dimethyl- 


glyoxime, nickel! ions can be titrated directly, with instrumental indication of the 


end-point (usually by amperometry ).4 

lougarinoff,’ and Furman and Flagg® dissolved the filtered and washed precipitate 
of nickel dimethylglyoxime in acid. By boiling with acid the dimethylglyoxime was 
hydrolysed to the corresponding ketone and hydroxylamine, the latter being deter- 
mined by oxidimetry. Tougarinoff® oxidised the hydroxylamine witha solution of iron!™ 
to nitrous oxide, and measured by permanganometry the amount of iron" ions formed. 
In this method, the equivalent weight of nickel corresponds to 1/4 of the atomic weight 
(A/4). Furman and Flagg,® on the other hand, oxidised hydroxylamine with bromate 
to nitric acid, and in this case the equivalent weight of nickel corresponds to 1/24 of 
the atomic weight (A/24). However, they reported (and this is in accordance with our 
own observations) that this method can only be used on a 0-1N scale. Errors of 
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consumption of the standard solution is below 10 ml, 


ig obtained when the consumption of standard solution ts 
to 5-10 mg of nickel). As a consequence, the advantage 
lent weight is practically lost. 


for the determination of hydroxyl- 


| nis reaction takes 


3HBr — 3HCI (1) 


neasurement of hydroxyl- 


dimethylglyoxime, the reaction was utilised 
ute amounts of nickel, after dissolving the 


lysing dimethylglyoxime to hydroxylamine 
o the decomposition products of the latter). 


ipitate with two molecules of dimethylglyoxime, 


erived from each molecule of dimethyl- 
ylamine by bromine chloride the change 

|» +-V), the equivalent weight of 
24 of the atomic weight (A/24). Therefore 


ug of nickel. 
the formation of nickel 


pendent on that of t 


possible to determine small amounts of 


dimet Is therefore 


nickel 


XPERIMENTAI 


1 medium of 20 P hydro« iol acta 
tial decomposition on boiling in a solution of 20°% 
he content of hydroxylamine was determined by oxidation 


lved in the reaction mixture would interfere strongly in the 
y acidic medium, 0-5—1-0 g of potassium hydrogen 


tr y} 
rOl ! 


after boiling with hydrochloric acid 


min, it quantitatively hydrolyses to 


or 0-O1N scale for | 


nd to the decomposition products of the latter) 


0-01N solution (1:2 ratio of bromate to bromide), prepared by weighing 
ite and 0-3967 g of potassium bromide, dissolving in distilled water and 
1000-0 ml 
0-O1N standard solution 

olution 


1 saturated aqueous solution 


, (azeotropic) 
I 


salicylic acid). 


(decomposed and preserved by 0°] 


1ould be of analytical grade 





litrimetric determination of small 


Method 


An aliquot of the stock solution (n 
0-2 n 


Boiling 


to a 25-ml beaker, and while boiling, 
ide solution are added dro 
10 min, a 


liquor is sucked > residu 


are washed with 2 ml of hot 


The washed preciy is dissoly 


washed with a 
in a 100-ml beaker. The sol 
into a Sch 

fering effec 

is added to the 

e,a consequently 
O-OLN stand: 


ned by the hyd 


prec ipitat 
ird s« 


Sufficient 


mine chloric ochloric 


TABI 


YO 
20-00 
20-00 
20-00 


Q- S004 


0- S004 


amounts of nick 


is transferred 


nmonium hydrox- 


150n 


100 


0-01 


0-005 


1 


is cooled for 


nd tl 


e mother 


tate on the filter 


ver 100 


water 
liter are 
C lected 
vely washed 
ate the inter- 
arbdDonate 
lissolving the 
necessary) 


if bro- 


»O-OLAN 


scale 
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irises from the solubility of the p 
ile (0-75 to 2:5 mg Ni) 


recipitate proper, and is no longer invariably nega- 


n the 0-1N scale, the procedure is as follows 
na volume using 2 ml of dimethylglyoxime 
"ammonium hydroxide solution are 
s necessary for the oxidation of hydroxylamine by 
on is conducted as previously described 
0-2445 


of nickel (log 38828) 


Zusammenfassung 
Nicke . 
N 


wurde zur Bestimmung vot 
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ly ] 


vad 
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Der ausgewaschene 
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(Zu 
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SPOT TEST DETECTION AND COLORIMETRIC 
DETERMINATION OF ANILINE, NAPHTHYLAMINE 
AND ANTHRAMINE DERIVATIVES WITH 
4-AZOBENZENEDIAZONIUM FLUOBORATE 


EUGENE SAWICKI, JAMES L. Nog and FRANCIS T. Fox 
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rhe mechanism of the reaction as applied to N,N-dimethylaniline is as follows: 


Biue 


compound is analysed at the blue stage because of the more intense colour of 


yn as compared to the mono-cation.!@ 


lvent containing 30 ml of 2-methoxyethanol diluted to 100 ml with con- 
hydrochloric acid, the pure dye absorbed at 632 my, as did the solution 


in the colorimetric determination of N,N-dimethylaniline. At this wave- 


length maximum, the latter solution had a molar absorptivity of 100,000 as compared 


to 100,000 obtained for the pure dye. These results indicate that a 100% yield of 


chromogen is obtained in the determination of N,N-dimethylaniline. 
EXPERIMENTAL 


rate was prepared from 4-aminoazobenzene.* A solution of 0-1% 


zonium fluoborate in 2-methoxyethanol was used as the reagent in the analytical 


\ic nitrogen compounds were obtained from commerical sources and were purified by 
i constant melting point or by distillation 
11 recording spectrophotometer with l-cm cells was used in the colorimetric 


line derivatives 


the 2-methoxyethanol test solution were added 2 drops of 0-1 % 4-azobenzenedia- 
zonium fit rhe tube was then heated in a boiling water bath for 6 min. Then 2 drops of 
ited hydrochloric acid were added. Because of the reagent’s interfering yellow colour at low 


concentrated vd 


concentrations of test compound, a blank is advisable in doubtful cases. Colours and limits of 


identification are given in Table I. 


Spot pape 
To 1 drop of the 2-methoxyethanol test solution spotted on paper were added 2 drops of 0-1% 
4-azobenzenediazonium fluoborate. The spot was treated with a jet of steam for 30 sec and then with 


a jet of hydrogen chloride gas. Instead of the gas, a drop of concentrated hydrochloric may be placed 
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TABLE | COLORIMETRIC AND SPOT TEST RESULTS OBTAINED IN THE ANALYSIS FOR PHENYL-, 
NAPHTHYL- AND ANTHRYL-AMINES WITH 4-AZOBENZENEDIAZONIUM FLUOBORATI 


Colorimetric Spot tests, ident. limit, jg 
Compounds 


Amax., mu 10 Colour* Microtube Colour Paper 


Aniline 610 
o-Methylthioaniline 610 
o-Toluidine 618 
o-Anisidine 626 
m-Toluidine 612 
N-Methylaniline 

N-Ethylaniline 

N-n-Propylaniline 

N,N-Dimethylaniline 
N-Methyl-N-ethylaniline 

N,N-Diethylaniline 

N-Allyl-N-methylaniline 
N-Benzyl-N-methylaniline 
N,N-Di-n-propylaniline 
N,N-Dimethyl-m-toluidine 

4- Naphthylamine 

\-Methyl-x-naphthylamine 
N-Ethyl-x-naphthylamine 
N-l-Naphthylethylenediamine 

N, N-Dimethyl-«-naphthylamine 
)-Naphthylamine 

x-Anthramine 

-Anthramine 


+B 
concentrations of amine f. s below ~ 10—40 
The stanc 
was subDstitulte 


heat the following wavelength maxima and molar sorptivitie I bt x-naphthylamine, 610 


(41.000): S-naphthvlamine, 605 (57,000); «-anthramin 0 and §-anthramine. 623 (44.000) 


Colour obtait without heat or a for «-anthramin le an tification lin s 7 wg; for 
on the paper. However, the sensitivities are lower in the latter procedure because of diffusion 
Colours and limits of identification are given in Table I 
¢ olorime (rie procedure 

To 5 ml of the 2-methoxyethanol test solution in a 50-ml volumetric flask were added 10 ml of 0-1 °% 
4-azobenzene diazonium fluoborate. The mixture was heated for 6 min in a boiling water bath. It 
was cooled with an ice water bath, and then diluted to the mark with concentrated hydrochloric acid 
while cooling to room temperature. The absorption spectrum was then immediately determined 
The wavelength maxima and molar absorptivities obtained for different aniline derivatives are given 
in Table I. 

DISCUSSION 
Qualitative tests 

Two modifications of the spot test procedure are introduced in this paper. A 
blank must be run in conjunction with the test, especially in the microtube method, 
at concentrations near the identification limit. This is because the blank has a deep 


yellow colour and the presence of a small amount of blue chromogen would then give 
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the test solution a yellow-green colour. This interference could cause difficulty. 


.-Anthramine is characterised by the fact that it gives a blue colour in the microtube 
method without any hydrochloric acid. Neither the aniline nor naphthylamine 


derivatives do this 


method introduced in this paper for the determination of N,N-dimethylaniline 
ery high sensitivity potential for colorimetric analysis. 

‘r N-alkyl and N,N-dialkyl anilines give colours of differing intensity. This 
variation in intensity is mainly due to the varying yields of bisazo dyes obtained in the 
colorimetric procedure. A slower rate of reaction could have a drastic effect on the 

1 many cases the presence of an orange to red di-cationic tautomer (involving 

jation at an azo nitrogen and the amino nitrogen) also helps to decrease the 

of the blue colour of the bisazo dye di-cation.”” 

Of the aromatic amines investigated, the ring-substituted aniline derivatives, 
\,N-dimethyl-x-naphthylamine and /-naphthylamine gave the lowest intensities. 
m-Toluidine and N,N-dimethyl-m-toluidine gave the highest relative intensities, mainly 
because of the electron donor effect of the m-methyl group of the toluidine in the 


final azo dye 








fluoborate in reagent, 


Effect of concentration of azobenzenediazonium fluoborate in the reagent solution on 
yrbance obtained in the standard colorimetric procedure with N,N-dimethylaniline 
my 


> 5 


(2 10-5 M) at Amax-. 632 


While aniline derivatives reacted readily with the reagent only at the boiling point 
of water, the naphthylamines and anthramines reacted at room temperature (Table I). 
After the reaction of anthramine and reagent at room temperature, dilution with 
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2-methoxyethanol to 50 ml gave a purple solution absorbing at 566 my with a molar 
absorptivity of 20,000. These diverse reactions at room temperature and at the 
boiling point of water should be of value in characterising some of the amines. 

rhe colorimetric procedure has been developed so as to give optimum results with 
\,N-dimethylaniline; in this case a 100%, yield of the blue bisazo dye dication was 
obtained. With proper modification of the standard colorimetric procedure, more 
intense colours could probably also be obtained for the other aromatic amines. This 
improvement with modification of conditions has been shown for the «-naphthyl- 
amines. 

Variables affecting the standard colorimetric procedure for N,N-dimethylaniline 
were investigated. Optimum results were obtained with 0.1%, to approximately 0.2 ° 


of the reagent (Fig. 1). However, the blank was fairly dark, so 0.1%, concentration 
was chosen as giving the best all-around results. When the reagent and the N,N- 


dimethylaniline test solution were heated in a boiling water bath, it took 6 minutes of 
heating to obtain the maximum intensity (Fig. 2). Shorter periods of heat had a 

















Fic. 2 The effect on the absorbance at Amax 632 my of the heating time at 100° of the 
reagent and N,N-dimethylaniline in the colorimetric procedure. Final concentration of N,A 
dimethylaniline — 2 10-° M. 


drastic effect on the intensity; longer periods had a slight effect. The stability of the 
colour was also investigated (Fig. 3). The absorbance decreased gradually at a steady 
rate. Readings were preferably taken on a fresh solution, or at least, within a few 
minutes after the acid was added. The colour obtained in the determination of 
N,N-dimethylaniline was found to obey Beer’s Law from 5 yg to at least 180 ug per 
50 ml of final solution. 
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a very weak to negligible colour in the standard 

npounds such as the nitroanilines, o-chloroaniline, 

id, N,N-dimethyl-p-bromaniline, N,N-dimethyl-p- 

methyl nitroanilines and N,N-dimethyl-p-toluidine, 

e group or a group para to the amino group had an 

‘thyl-o-toluidine the low order of reactivity 

1c o-methyl group." This effect forces the 

no group out of the plane of the molecule and as a result causes a low 


bisazo dye di-cation 


nylamines and heterocyclic imines were tested by the standard 


cedure. N-Methyl-diphenylamine and diphenylamine gave bands at 


molar absorptivities of approximately 13,000 and 17,000, respectively. 

carbazole gave bands at 560 and 605 my with molar absorptivities of 

11,000 and 6,000, respectively. Because of their relatively weak basicity, diphenyl- 

amines, indoles and carbazoles can be readily separated from the more basic aromatic 

In this way, aniline derivatives could be determined in the presence of these 
compounds. 

Phenols could be expected to react with the reagent. In the standard colorimetric 

procedure, phenol itself gave an orange solution which had negligible absorption near 
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c 


600 mu. a«-Naphthol gave a band at 625 mw with a molar absorptivity of 7,000. If 
necessary, phenols could be separated by alkaline extraction 

2,4-Pentadione treated by the standard colorimetric procedure gave a red solution 
with a band at 535 my and a molar absorptivity of 21,000 

Nitromethane, dibutylamine, isobutylamine, formaldehyde a1 acetone 
negative results. 


Acetic anhydride tended to inhibit colour formation 


De le rmination Oo} . “naphinylamine if a 

A liquid mixture was prepared consisting of 71-5 jg of z-naphthylamine, 930 jg 
ig of N-methylaniline, and 1210 wg of N,N-dimethylaniline. Reaction of this mixture in t 
colorimetric procedure (modified by substitution of 10 min of standing at room t 


of heating on the water bath) gave an absorption spectrum with maxima at 500 and 642 1 
: I 
band with a peak at 642 my had an absorbance of 0-96 1e band with a peak at 500 mu wi 


derived from aniline and N-methylaniline and ipparently had little effect on the intensity of the long 


wavelength band, for 71-5 wg of z-naphthylamine reacted in the same procedure gave a band at 642 


my with an absorbance of 0-95. The absorbance thus obtained in the mixture corresponds to 70:8 jug 
of x-naphthylamine which is in excellent agreement with the amount of x-naphthylamine calculated 


to be present 


Determination of N,N-dimethylaniline in a mixture 


For 


the determination of N,N-dimethylaniline in the presence of primat nd secondary amines 
the use of acetic anhydrides as a masking agent was tried. A mixtur f 12-1 wg of N,N-dimethyl 


aniline and 2 wl of acetic anhydride were heated 10 min, cooled and treated by the standard colori 
metric procedure. A molar ibsorptivity of 78,000 was obtained; without the acetic anhydride the 
molar absorptivity was 85,000. When a mixture of 12-1 wg of N,N-dimethylaniline and 14-3 ys 
z-naphthylamine was similarly analysed, a molar absorptivity of 75,000 was obtained for A 

aniline, essentially a 96 recovery. When a mixture of 12:1 ig N,N-dimethylaniline, 


] hy 


x-naphthylamine, 10-7 wg of N-methyl-aniline, and ug of aniline was analysed by the same 


procedure, a molar absorptivity of 85,000, or a 113% recovery of N,N-dimethylaniline, was obtained 


These results show that the determination of a tertiary amine in the presence of primary and secondary 


amines with the help of an acylating masking agent is worthy of further investigation 


Zusammenfassung—Einige neue, sensitive Methoden zum Nachweis und zur Bestimmung vor 
Anilin, alpha- und beta-Naphthylaminen, alpha- und beta- Anthraminen sowi deren N-Alkyl-und 
N,N-Dialkylderivaten werden beschrieben. Die ¢ hromogene sind (p-Phenyl izophenylazo)-anilin 
-naphthylamin und -anthraminfarbstoffe. Z.B. mit N,N-dimethylanilin wird das blaue Dikation von 


N,N-dimethyl-p-(p-phenylazophenylazo)-aniline gebildet Der Absorptionskoeffizient des in det 


kolorimetrischen Methode erhaltene betragt 0.83 ~g~' ml cm Fiir N,N-dimethylanilin ist Beers 
Gesetzt erfillt im Konzentrationsbereich 0.1 bis mindestens 3-6 ug per ml der fertigen Farblésung 
Wegen des sehr grossen Unterschiedes in der Reaktionsgeschwindigkeit k6nnen Naphthylamin- und 
Anthraminderivate in Gegenwart von Anilinderivaten bestimmt werden. Ferner kann durch Einsatz 
eines Maskierungsmittels ein Dialkylamin in Geganwart von sekundidren und primaren Aminen 
bestimmt werden. Tiipfelteste fiir Anilin-, Naphthylamin- und Anthraminderivate werden beschrieben 
Die Empfindlichkeit dieser Nachweise ist jedoch nicht mit der der kolorimetrischen zu vergleichen 
Résumé—Les auteurs ont mis au point de nouvelles techniques sensibles pour déceler et doser 
l’aniline, les « et / naphtylamines et les « et / anthramines, ainsi que leurs dérivés N-alkyle et N, 
N-dialkyle. Les chromogénes sont des colorants de la p-phénylazophénylazoaniline, de la p-phény- 
lazophénylazonaphtylamine et de la p-phénylazophénylazoanthramine Par exemple, avec la 
N,N-diméthylaniline, le di-cation bleu de la N,N-diméthyl-p-(p-phénylazophénylazo)-aniline est 
formé. L’absorption de la N,N-dimethylaniline obtenu dans le procedé colorimétrique est 0,83 ge 
ml cm~* Dans lanalyse de la N,N-diméthylaniline, la loi de Beer est suivie de 0,1 4 au moins 3,6 ug 


par ml de solution finale. A cause des vitesses de réaction largement différentes, les dérivés de la 
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naphtylamine et de l‘anthramine peuvent étre dosés en presence des dérivés de laniline. Ainsi, a 


aide 


agent complexant, une dialkylaniline peut étre dosée en presence d’amines primaires et 
Des essais par touches sont décrits pour l’aniline, la naphtylamine et l’anthramine, mais 


ne se compare pas a celles obtenues dans la méthode colorimetrique 


C ( 
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THE PRECIPITATION OF NIOBIUM OXIN 
OF DEFINITE COMPOSITION 


L. Kosta and M. DULAR 
Institute “Jozef Stefan’’, Ljubjana 


Summary— Since 


COMpe 
Oxinate 


limits 
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d solution, containing oxalic acid and an excess of 


therefore, be described in greater detail. 
EXPERIMENTAI 


1 excess Ol potassium py! sulphate, and the cool 


After the addition of 10 ml of concentrated sulphuric 


1 to boiling point Ure as added in portions 
| amount, and the solution was diluted to 2000 ml 
8). The precipitate obtained by this technique 
it settled rapidly and was easily washed 
99°). The precipitate was filtered through 


then with alcohol and ether to speed up drying 


icts; precipitates obtained by methods (i) and (ii) 
ite at 950° in a porcelain crucible and weighing 

is slightly modified for the determination of oxine 

d, potassium bromide was added, and the solution 

he excess of the reagent was reduced by potassium iodide and 
> presence of carbon bisulphide. Fluorine was determined 
The sample was dissolved in hydrofluoric acid and 

i. solution of sodium hydroxide. Subsequently, the 


sodium alizarin sulphonate as indicator. Boron was 


(ii) differ in their water content as well as in the 
re, dried at 150° before analysis, while the oxinate 
water, alcohol and ether and dried in air. Some 
‘mm of mercury and 90° in order to sublime the 


rible 


RESULTS AND DISCUSSION 
results of the analyses (a mean value of six precipitations) of 
rent methods 


TABLE | 


C,H-ON, 


Its in the first three horizontal rows were obtained for products dried 


those in the last row for the product dried at room temperature. Only the 


samples precipitated from an acidic medium by complexing in fluoride solution 


yielded figures for both components which deviate considerably from theoretical 
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values. Furthermore, the adsorption of fluoride ions is appreciable, but boron is 
adsorbed to a much smaller extent. 

Owing to the excellent characteristics of the precipitate obtained by the urea 
method (stoichiometric composition, crystalline nature, rapid settling and low per- 
centage of niobium in the precipitate), this procedure was tested for its applicability 
to the gravimetric determination of niobium. In a solution labelled before precipita- 
tion with radioactive "Nb, only traces of niobium were detected by radiometric 
measurements (scintillation counting) in the final filtrate. The method of precipitation 
was essentially the same as that described above, the only differences being that smaller 
samples of niobium (50 mg of niobium pentoxide) were taken and the quantities of the 
reagents were proportionally reduced. Over 99°, of niobium pentoxide was recovered 
in all experiments. 


[he solution of niobium must be fresh, because if the reagents are added to ag 


solutions niobic acid is precipitated. [tis therefore advisable to decompose the samples 


immediately before the precipitation 
In order to obtain a thorough characterisati th luct obtained by the 


hydrolysis method, the following additional measurements were made 


1. The thermolysis curve (Fig. 1) proved the stability of the compound up to 
250°. After constant heating, to 400°, decomposition was complete in 24 hr. On 
increasing the rate of heating, the last traces of oxine sublimed at approximately 600°. 
The thermolysis curves were taken with a Stanton thermobalance. 

The absorption spectrum of the emulsion of niobium oxinate in liquid paraffin 
measured with a Perkin-Elmer, Model 21 infrared spectrophotometer, using a sodium 
chloride prism, shows a maximum at 10-9 uw which is characteristic of the NbO group®®, 
and which seems to confirm the formula NbO(C,H,ON)s;. Infrared spectra of niobium 
oxide and oxine are presented for comparison (Fig. 2). 

3. In Fig. 3 the absorption spectrum of niobium oxinate in the ultraviolet-visible 
region, taken with a grating spectrophotometer (Optica Milano, Model CF,), is 
compared with that of oxine. The samples were dissolved in chloroform at a molar 
concentration of | 10* and the absorption was measured against the solvent. 
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im oxinate, (6) oxine and (c) niobium oxide, 


Model 21, spectrophotometer 











440 490 


sorption spectra of (a) niobium oxinate and (b) oxine, taken 
g spectrophotometer CF4, Optica, Milano 


4. Figs. 4 and 5 represent the photomicrographic (Reichert MeF optical micro- 


scope) and electron microscopic pictures (AEG-Zeiss, EM 8) of the precipitate and 


these disclose, together with the electron diffraction picture (Fig. 6), the crystalline 
nature of niobium oxinate when prepared by the procedure described. 

5. Since data on the solubility of niobium oxinate are lacking, some determinations 
were made by the radiometric and the classical method in the solvents listed in Table II. 
The measurements were made by shaking samples in a thermostatted room (24°) for 
24 hr with the selected solvent. The results in Table II represent the mean value of 





Electron-microscopic picture of crystallised niobium oxinate 


(Electron microscope AEG~—Zeiss, EM8) 





Electron-diffraction picture of niobium oxinate 
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TABLE II 
Sites Solubility, 
mg/ml 
Chloroform 11-2 
Acetone 0-65 
Ethyl alcohol 0-62 
Diethyl ether 0-01 
Tetrahydrofuran 1-4 
Isopropyl alcohol 0-22 
Methyl isobutyl 
ketone 0-15 


6-8 determinations, but there is considerable inconsistency between individual 
measurements 

Tentative measurements were also made with amyl acetate, nitromethane, mesityl 
oxide, nitrobenzene, carbon tetrachloride, methyl isopropyl ketone, cyclohexanone, 


carbon bisulphide and toluene. Of these only nitrobenzene and nitromethane readily 


dissolved niobium oxinate (6°6 and 1-3 mg/ml, respectively), and other solvents 
dissolved less than 0-5 mg/ml of the compound. 


Like other oxinates, niobium oxinate fluoresces intensely in ultraviolet light. 


icknowledgements—Thanks are due to Prof. Dr. D. Hadzi, Head of the Department of Physical 
Chemistry in the Boris Kidric¢ Institute, Ljubljana, and to Dr. R. Blinc for their help in the evaluation 
of the infrared spectra; also to Mr. V. Marinkovic for the photo- and electron-micrographs, and to 
Mr. C. Klofutar and Mr. B. Burja for their laboratory work 


Zusammenfassung—Da es den Anschein hat, dass die Zusammensetzung des Nioboxinates, wenn 
aus wassriger Losung gefallt, nicht wohldefiniert ist, wurden verschiedene Methoden angewandt um 
einen st6chiometrisch zusammengesetzten Niederschlag zu erhalten. Von allen studierten Methoden 
liefert die Fallung von Nioboxinat aus homogener Lésung durch Hydrolyse von Harnstoff die besten 
Resultate. Die Kristalle sind gut entwickelt und die Zusammensetzung des Niederschlages entspricht 
innerhalb eines halben Prozentes der Formel NbO(Oxin)g. Die Loslichkeit des Niederschlages in 
verschiedenen organischen Solventien, die UV- und IR-Spektren sowie Elektronenbeugung wurden 
untersucht; Thermolysiskurven und Mikrophotographien wurden gemacht 


Résumé—Comme la composition de l’oxinate de niobium, précipité en solution aqueuse, ne semble 
pas étre définitivement établie, de nombreuses techniques nouvelles sont utilisées pour la préparation 
d’un composé bien défini. Parmi les méthodes étudiées, la précipitation en milieu homogéne d’oxinate 
de niobium par Purée conduisait aux meilleurs résultats. Le produit est cristallin et correspond a la 


I 
organiques ont été étudiées, ainsi que les spectres ultraviolet et infrarouge et la diffraction électronique 


composition NbO(C,H,ON)s;, a 0,5 pour cent pres. Les solubilités dans différents solvants 


la thermolyse a été effectuée, et des micrographies des cristaux ont été prises 


REFERENCES 


'P.C. R. Siie, Acad. Sci., Paris, 1933, 196, 1022 
U. M. Doan, and C. Duval, Analyt. Chim. Acta, 1952, 6, 83 
H. A. Szymanski and J. H. Archibald, J. Amer. Chem. Soc., 1958, 80, 1811. 
*M. Dular and L. Kosta, Vestnik Slovensk. Kem. Drustva, 1959, VI, 59 
F. Fairbrother and B. Taylor, J. Chem. Soc., 1956, 4946 
R. Berg, Pharm. Ztg., 1926, 71, 1542 
7 H. Ballczo and O. Kaufmann, Mikrochem. Mikrochim. Acta, 1951, 38, 237 
*R. G. Charles, H. Freiser, R. Friedel, L. E. Hilliard and W. D. Johnston, Spectrochim. Acta, 
1956, 8, 1 
* J. P. Phillips and J. F. Deye, Analyt. Chim. Acta, 1957 17, 233 





Pergamon Press Ltd. Printed in Northern Ireland 


PRELIMINARY COMMUNICATIONS 


Contributions to the basic problems of complexometry—\ 
Mutual masking of iron and manganese 


(Received 19 January 1961) 


the complexometric determination of calcium, magnes- 
lime, dolomite and other calcareous materials 
re- 1t 1s possible to mask relatively large con 
1anolamine. The determination of manganese 
1 (hydroxylamine) can be carried out without 


the analysis of ferromanganese.* This method 
th slament ¢ ) 
{ I Ss element can 


rreen Mn’’-TEA complex 


in a strongly alkaline medium con- 
*p green Mn’’-TEA 


a colour less or 


s method can be used for determination of calcium, 


iron and aluminium have first been separated 


for iron as well as for aluminium, it 
1at would work without first precipitating 


various materials rich in manganese, 


1ation of both the iron and the manganese into 


thece cnr “ye > » the ) lete ‘reenin 
these complexes ensure the complete screening 


iy 


lo the solutions of manganese and tron were added 


ynia or sodium hydroxide, under various conditions, 
ne reaction of all the reagents added, the possibility of 
lic hydroxides was carefully studied ; such precipitation 


1s impossible. The following procedure proved 


ss of 20°% triethanolamine in such a way as to 
20-30 ml of concentrated ammonia con- 
‘ange and on heating changes to colourless 


mediately oxidises manganese according to 


Mn(CNn), Fe(CN),! Mn(CN) (1) 


soth complex cyanides of iron” and manganese™, whicharecomplexo- 


uantitatively, if the solution contains more iron than is 
to equation (1). If the solution contains more manganese 
remains unoxidised as Mn(CN),‘> and can be titrated with EDTA 


With iron deficiency there is no quantitative relation between iron 


trations, because manganese is partly oxidised by atmospheric oxygen. Excess 
rfere in the titration because ferrocyanide is first formed according to equation 
270 
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nd the excess is then bound as the stable Fe-TEA complex. The presence of large amounts of 


ferricyanide is improbable, the solutions being almost colourless 

\ series of experiments was carried out in manner described. In some of them the consumption 

EDTA was determined (blank experiments e Table I, experiments 10-12), in others the taken 
f 


letermined by back-titrat with calcium chloride, after proper masking. With 


ganese properly screened, the losses of EDTA were within experimental error, that is 


Mt AL MASKING WITI ARYING Mn RATIO AF 


MASKED EDTA WAS ADDED AND TITRATED WITH CaCl] 


Consumption 


During further experiments some unexpected difficult! surred in the mplexometric deter 
mination of alkaline earths because of the format fa white ine pre itate in the solutions 
of complex Fe- and Mn-cyanides. The cau 
cyanide, which dissolves with difficulty 

SIONS 


It can be presumed that by this simple procedure the selectivity of the complexometric determina- 
tion of calcium or magnesium may be improved for the following reasons 


(1) The determination is not affected by iron, aluminium or manganese 
(2) The addition of potassium cyanide also masks other elements (Ag, Hg, Zn, Cd, Ni, Co, Cu) 
(3) Other heavy elements, such as lead or bismuth, if present, can be masked by other complex- 


forming reagents such as BAL* or thioglycollic acid 


Summary—The screening of iron and manganese in some further complexometric titrations has been 
studied. It was found that by masking with triethanolamine and potassium cyanide, ferricyanide 


n 


is formed, which immediately oxidises manganese according to the equatio1 
Fe(CN) Mn(CN),* Mn(CN) Fe(CN,)! 


The resulting solutions contain both the complex cyanides of iron(II) and manganese(III), which are 


*‘complexometrically” inactive. The difficulties in further determinations after proper masking of 


iron and manganese are mentioned 


Zusammenfassung—Die Maskierung von Eisen und Mangan in einigen weiteren chelometrischen 
litrationen wurde studiert. Beim Maskieren mit Tridthanolamin und Kaliumcyanid wird das Eisen 


in Ferricyanid ubergefihrt, welches das Mangan sofort nach folgender Gleichung oxydiert 
Fe(CN),° Mn(CN),*~- = Mn(CN),° Fe(CN),! 


Die resultierende Lésung enthalt die komplexen Cyanide von Eisen(II) und Mangan(III), welche 
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komplexom sch”’ inaktiv sind 


Losung ar 


Schwierigkeiten werden diskutiert, die bestehen, wenn in der 
Metalle bestimmt werden sollen 


Résumé nt étudié le comportement du 
n complexant avec 


le 
] 


fer et du manganese dans quelques titrages 
A 


e la tritehanolamine et du cyanure de potassium, il se 
ll Oxvade 


nmédiatement le manganése suivant la réaction: 
Fe(CN Mn(CN),* 


=~ Mn(CN), Fe(CN),! 


es complexes cyanure du fer(II) et du 
metr ’ 


manganése(II1), qui 
es difficultés rencontrées dans les déterminations 
mentionnées 


ent éte complexes, sont 


RUDOLF PRiIBII 


VLADIMiR VESELY 


1954. 19. 64 


19589 


Extraction of As’ from H,SO,-KBr solutions and its analytical use 


e H.SO,-KBr 
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tetrachloromethane, and the arsenic was then re-extracted with 25 ml of water and neutralised with 
sodium hydroxide, photometric determination through molybdenum blue showed that the extraction 
and re-extraction of arsenic are very rapid and quantitative. From the character of the reaction a 
high selectivity is to be expected, and this selectivity has been proved experimentally 

lhe extraction of arsenic by this procedure will be more fully described in a further communication 


Acknowledgement—It is my pleasant duty to thank Dr. R. P7ibil for his interest in this work. 


Summary—By the use of tetrachloromethane, arsenic’ can be completely extracted from a 14-17AN 
aqueous sulphuric acid solution containing 200 mg of potassium bromide per 25 ml of solution. 


Zusammenfassung—Tetrachlorkohlenstoff ist geeignet fiinfwertiges Arsen aus Lésungen zu extra- 
hieren, die 14-17 normal in Schwefelsaure sind und etwa 200 mg Kaliumbromid per 25 ml Lésung 


enthalten 


Résumé—En utilisant le tétrachlorométhane, l’arsenic (V) peut €tre extrait a partir d’une solution 
aqueuse d’acide sulfurique 14-17 N contenant environ 200 mg de bromure de potassium pour 25 ml 
de solution 

K. STUDLAR 
V. I. Lenin Works 
Research and Test Institute 
Pilsen, Czechoslovakia 
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Applications de la chelatometrie—VII. Dosage volumetrique des ortho-acyl-phenols 


(Received 15 December 1960) 


INTRODUCTION 


Les ortho-acyl-phénols trouvent actuellement un débouché industriel croissant, notamment pour la 
fabrication des y-benzopyrones (chromones, flavones et isoflavones) et des coumarines substituées. 
Ils sont généralement préparés par réaction de Fries’ a partir des esters phénoliques correspondants 
et on sait que cette réaction conduit toujours, bien que dans des proportions variables, aux deux iso- 
méres ortho et para en méme temps qu’une décomposition partielle régénére le phénol de départ 
Le dosage de l’isomére ortho en présence de l’isomére para et de phénols non acylés n’a guére été 
étudié a notre connaissance: Fritz et Keen ont montré la possibilité de doser les phénols substitués de 
cette famille par anhydrotitrimétrie dans la diméthyl-formamide comme solvant et en présence d’azo- 
violet comme indicateur*; toutefois cette méthode ne permet pas de distinguer les constituants du 
mélange signalé ci-dessus qui sont dosés tous ensemble; de Lorenzi et Credali ont appliqué une 
méthode identique dans le cas particulier de la para-hydroxypropiophénone* tandis que Baudet et 
Pacheco opéraient en milieu alcoolique’* avec l'aide du bleu C-4-B et que Mouton et Masson 
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décrivaient un procédé spectrophotometrique dans I°U.-V. pour le méme produit*; nous n’avons 
pas expérimenté cette derniére technique sur les mélanges précités, désireux que nous étions de 
trouve! e méthode générale yur tous les acyls-phénols en position ortho. Ramanujam a 

par bromoméetrie des corps de la série des hydroxyacéto- 


ne résoud pas non plus le probléme que nous preoccupe 


PRINCIPI 


idee repose sur une observation d’f phraim 


donnait des précipites quantitatifs a la maniere de 
vimétrique du cuivre et du nickel est bien connu 
lifférents corps de cette serie également pour le 
cobalt® et du titane Il semble 
nt précipite par les 
a mise en oeuvre de note procede: 
ju chlorhydrate d*hydroxyl- 
nt un sel de cuivre en 
l. Apres filtration 
acyl-phénol par difference 
ie avec indicateur métallo- 
cuivre dans le filtrat. Nous 
ns le precipite. 
in certain nombre d’acyl-phénols varies 


urement dans cette revue avec le détail du mode 


HENNARTS 
eC la ( ollaboration de 
LEFEVRE 


a partie expérimentale 


Résumé S nol Is que lortho-hydroxyacetophénone et ses homologues, peuvent 


LOT 


On précipite le complexe culvrigue et un dosage 


Summary he ortho-acy |-phenols, such as ortho-hydroxyacetophenone and its homologues, can be 
determined titrimetrically after oximation. The precipitation of cupric complex is carried out and 


subsequent titration is made by chelatometry 


Zusammenfassung—Die ortho-Acyl-Phenollen, ist wie die ortho-oxyacetophenon und ihre Homologe, 


L 


k6nnen volumetrisch bestimmt werden nach Oximation. Die Kupferzusammensetzung wird gefallt und 


chelatometrisch bestimmt 
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LETTER TO THE EDITOR 


Explosion in analytical laboratory of Jas. Anderson & Co. (Colours) Ltd. 
on Friday 13th January, 1961 

SIR 
WHILE Carrying out a wet oxidation of a red azo pigment, C.I. Pigment Red 38, using the method of 
G. Frederick Smith and Harvey Diehl from Talanta, 1960, 4, 185, a violent explosion 
occurred. The authors described the reaction as “hazard free’’ but this is clearly not the case. 

rhe wet oxidation technique was being considered for use in the trace metals analysis of pigments 
ind a sample was being examined as follows using a slight modification of the Bethge apparatus. 


Five g of sample were added to the 250-ml round bottomed flask with 15.0 ml of 60% perchloric acid, 


3.0 g of 50/50 W/W paraperiodic acid and 1 mg of sodium metavanadate. No reaction took place 


immediately and slight heat was applied to agitate the mixture and promote the reaction. After 2-3 


heat was removed and the reaction proceeded as suggested, with iodine being liberated and 

eflux apparatus and eventually into the condenser. The reaction slowed down 

by this time the pigment had been wetted out, although the bulk of it was still 

unaffected ight heat was again applied, and reaction slowly advanced until a boiling action com- 

menced, but at this time only 2-3 ml of liquid had refluxed, and was now lying in the trap of the return 
apparatus. (This was possibly water owing to the low temperature.) 

Suddenly the mixture in the flask began to darken considerably until it was black and one or two 
small flames appeared for an instant. Heat was removed, the safety shield put in place, the fume cup- 
board window closed and a safe position adopted. The flashes had by this time increased in number 

tions, and every 5 sec or so a more violent flash would bump the entire apparatus and leap 

) the exit of the condenser. After about a minute from the time of darkening, the flask 

completely shattered with an explosion which splashed the acid and glass fragments around the inside 
of the fume cupboard but left the reflux system and condenser intact 


Owing to the warning signs and time lag of the explosion no injuries were sustained by the operator. 


Hawkhead Road J. THOMSON 
Paisley , Scotland 
16 January 1961 
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he following meetings have been arranged in the Bourquelot lecture theatre, Faculty of Pharmacy, 
Paris, at 5.45 p.m., under the direction of Professors J. A. GAUTIER and P. MALANGEAI 


Tuesday 11 April 1961: Lithium Aluminium Hydride as a Reagent in Analytical Chemistry) 
M. E. A. M. DAHMEN 


Tuesday 25 April 1961: lonisation Constants and Structures of Organic Compounds: Professor P 
RUMPE 


Tuesday 9 May 1961: Determination of Gases and Toxic Vapours by Galvanic Piles (Osmopiles) 
M. A. BERTON 


Tuesday 30 May 1961: Humidity and Dry Extract of Foodstuff Materials and Drugs: Pharmacien 
Lieutenant-Colonel J. KIGER 


The following meetings have been arranged: 

Wednesday 3 May 1961: Society for Analytical Chemistry: Meeting for reading of Original 
Papers. Burlington House, London, W.1I. 7.00 p.m 

Friday 12 May 1961: Society for Analytical Chemistry, Midlands Section and Microchemistry 
Group: Joint Meeting: Automation in the Analytical Laboratory. Technical College, Nottingham. 
7.15 p.m 

Friday-Saturday 26-27 May 1961: Society for Analytical Chemistry, Midlands Section and 
Western Section: Joint Meeting. Hereford. Friday Afternoon visit to Bulmers (Cider) Ltd. 

Evening lecture on Use of lon-Exchange and Column Chromatography in Metallurgical Analysis. 
Town Hall, Hereford 
Saturday: Morning coach tour of countryside around Hereford. Evening dinner at Green Dragon 

Hotel, Hereford. 

Sunday-Friday 16-21 July 1961: Symposium on The Teaching of Analytical Chemistry. University 
of Aberdeen, Scotland. 

The symposium will take the form of a series of discussions on the teaching of analytical chemistry, 
considered first in its own right, then in conjunction with the other branches of chemistry. A social 


programme and a ladies’ programme have been arranged 


Monday 17 July 
9.30 a.m. Opening of Symposium: Professor G. M. BURNETT 
The Teaching of Analytical Chemistry 
(a) Theory: Dr. R. A. CHALMERS. 
2.30 p.m. (6) Practical Work: Mr. L. S. BARK and Mr. L. Davies 
Tuesday 18 July 
9.30 a.m. Analytical and Organic Chemistry: Professor S. VOEIBEI 
Wednesday 19 July 
9.30 a.m. Analytical and Inorganic Chemistry: Dr. G. W. A. FOWLEs. 
2.30 p.m. Analytical and Physical Chemistry: Professor F. CUTA 
Friday 21 July 
9.30 a.m. The Teaching of Chemistry in Czechoslovakia: Dr. J. ZYKA. 
Further details may be obtained from Miss D. A. THomson, Chemistry Department, The Univer- 
sity, Old Aberdeen, Scotland. 





Notices 


Metropolitan Microchemical Society under the sponsorship of 
International Symposium on Microchemical 


Sunday—Friday 13-18 August 1961: 


the International Union of Pure and Ap 
nia State University, U.S.A 


plied Chemistry: 


tures and a full schedule 


ipplications of micro 


ting of the participants. In 
and specialities will be held in conjunc- 
> one session at which participants can 


atus which they have personally 


Canadian Association for Applied Spectroscopy: 


1 


ncluding emission, 


nstrumental analysis. 


to ROLAND LAUZON, 


o Division of Pure 


to a British Standard 
vides methods for 


‘ved oxygen in high 


in coal and 


modified Gutzeit) 





1 


Talanta, 1961, Vol. 8, p. 2 Pergamon Press Ltd. Printed in Northern Ireland 
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rhe distribution of vanadium between alcoholic hydrochloric acid solutions and the strongly basic anion- 
exchanger Dowex-1: Separation of vanadium and nickel from iron and copper. G. E. JANAUER and 
J. KORKISCH. (28 January 1961) 


Uber die Anwendung von Cystein als Maskierungsreagens bei komplexometrischen Titrationen. WoLF- 
GANG BERNDT und JoseF SARA. (28 January 1961) 


Contributions to the basic problems of complexometry—VI: The masking of tervalent chromium. 


RUDOLF PRIBIL and VLADIMIR VESELY. (30 January 1961) 


Diammonium-5,5 -indigeo disulphonate as an analytical reagent—I: Gravimetric determination of thorium 
and cerium!!! and their separation from uranium B. D. JAIN and J. J. StnGu. (6 February 1961) 


Applications of infrared spectroscopy—V: The retention of water and organic solvents by carbohydrate 
materials. D. M. W. ANDERSON and N. J. KinG. (6 February 1961) 


Sur un principe de colorimétrie en milieu non-aqueux—lII: Emploi du bromure de p-nitrophénacyle pour 
l’identification et le dosage des acides carboxyliques. JAROSLAV BARTOos. (6 February 1961). 


lodemetric determination of copper and iron in one solution. J. AGTERDENBOS a 


(8 February 1961) 


Gravimetric determination of tungsten by homogeneous precipitation. R. DAms J. Hostt 


(9 February 1961) 


Eine neue Methode zur spektrophotometrischen Bestimmung yon Mikrogrammengen Titan. 
J. KORKISCH 


Determination of ferrocyanides. G N. Murruy and T. S. VISWANATHAN. (18 February 1961). 
Die Bestimmung kleiner Fluormengen—I: Eine kritische Ubersicht. ROMAN VALACH. (20 Februar) 
1961) 


EDTA as a complexing reagent in strip paper chromatographic separation of some metal ions. Eri 
JOHN SINGH and ARUN K., Dey. (21 February 1961) 


Ihe determination of traces of palladium in samples of platinum by neutron-activation analysis. R. A. 
KILLICK and D. F. C. Morris. (22 February 1961) 
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PUBLICATIONS RECEIVED 
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Conciliar, Santiago de Compostela, 1960. Pp. xii 625. $10.00. 


Spot Tests in Organic Analysis, 6th Edition: Fritz Feici. Elsevier Publishing Company, Amster- 
dam: D. Van Nostrand Company, Ltd., London, 1960. Pp. xx 675. 65s. 


Oxide Ceramics: Physical Chemistry and Technology: EUGENE RYSHKEWITCH. Academic Press, 
New York and London, 1960. Pp. viii 472. $16.00 


Analyse qualitative rapide des cations et des anions, 3rd Edition: G. CHARLoT. Dunod, Paris, 1961. 
Pp 96. 9.50 NI 

Source Material for Radiochemistry: Nuclear Science Series, Report Number 27 (rev. 1). National 
Academy of Sciences, National Research Council, Pub. 825, 1960. Free on request from Division 
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Comprehensive Analytical Chemistry, Vol. 1B: Classical Analysis (contd.) Editors Cecit L. WILSON 
and Davip W. WILson. Elsevier Publishing Company, Amsterdam: D. Van Nostrand Company, 
Limited, London, 1960. Pp. xxii 878. £7-15-0d 


Proceedings of the Symposium on the Chemistry of Co-ordination Compounds, Agra, February 7 and 
8, 1959: In three parts. National Academy of Sciences, India, Lajpatrai Road, Allahabad, India, 
1960. Part I, pp. iil 148. Rs. 15.00. Part II, pp. ii 203. Rs. 25.00. Part III, pp. x 302 
Rs. 35.00. Three parts, Rs. 75.00 

The Radiochemistry of Beryllium: A. W. FAIRHALL. National Academy of Sciences, National 
Research Council, Washington, D.C., U.S.A., May, 1960. NAS-NS 3013 Pp. v 58. $0.75. 

The Radiochemistry of Indium: D. N. SUNDERMAN and C. W. TowNLey. National Academy of 
Sciences, National Research Council, Washington, D.C., U.S.A., May, 1960. NAS-NS 3014 
Pp. vi 46. $0.50 

rhe Radiochemistry of Zinc: HARRY G. Hicks. National Academy of Sciences, National Research 
Council, Washington, D.C., U.S.A., June 1960. NAS-NS 3015. Pp. vi S8. $0.75. 

The Radiochemistry of Protactintum: H. W. Kirspy. National Academy of Sciences, National 
Research Council, Washington, D.C., U.S.A., December 1959. NAS-NS 3016. Pp. vi 80. 
$1.00 

The Radiochemistry of Iron: J. M. NIELSEN. National Academy of Sciences, National Research 
Council, Washington, D.C., U.S.A., August 1960. NAS-NS 3017. Pp. v 42. $0.50. 
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VERFAHREN ZUR BESTIMMUNG GERINGER MENGEN, 
DAS JOD IN VERSCHIEDENEN OXYDATIONS- 
ZUSTANDEN ENTHALTENDER JODVERBINDUNGEN 
NEBENEINANDER 


E. SCHULEK und L. BARCZA 


Institut fiir anorganische und analytische Chemie der L. E6tvés Universitat, Budapest 
(Received 23 May 1960: Accepted 6 January 1961) 


Zusammenfassung—Ein aus Jodid, Jod, Hypojodit, Jodat und Perjodat bestehendes System ist labil 
und kann nur bei héheren pH-Werten und nur voriibergehend existieren. Verfasser reduzierten das 
Perjodat nach Zersetzung des Hypojodits mittels Phenol mit Hilfe einer iiberschiissigen Menge 
arseniger Saure und titrierten deren Uberschuss zuriick. Das Jodat wurde nach Reduktion des Jods 
und Hypojodits mittels Phenol jodometrisch bestimmt. In Gegenwart von Perjodat muss die dem 
Perjodat aquivalente, durch die Arsenit-Reduktion des Perjodats gebildete Menge Jodat in Abzug 
gebracht werden. Die gesamte Menge Hypojodit und Jod wurde aus der Differenz der jodometrischen 
Messungen (mit und ohne Phenol) berechnet. Nach Bestimmung der Gesamtmenge der oxydierenden 
Stoffe kann die Gesamtmenge Jodid in Gegenwart von p- Athoxychry soidin als Adsorptionsindikator 
mit Silbernitrat gemessen werden. In Abwesenheit von Perjodat wurde das elementare Jod neben 
Hypojodit unter Ausnutzung jenes Prinzips bestimmt, wonach das Thiosulfat durch Hypojodit zu 
Sulfat, durch Jod aber zu Tetrathionat oxydiert wird. Letzteres konnte nach dem Verfahren von 


Kurtenacker und Fritsch ermittelt werden. Die Ergebnisse sind zufriedenstellend 


JODVERBINDUNGEN, die das Jod in verschiedenen Oxydationszustanden enthalten, 
k6nnen im allgemeinen nur in einem bestimmten pH-Bereich nebeneinander existieren. 

Elementares Jod, Jodid und Hypojodit kénnen nebeneinander etwa zwischen 
pH = 7 und 13 bestehen, bei niedrigeren pH-Werten verschiebt sich das zwischen den 
Komponenten bestehende Gleichgewicht: 


Js OH JOH + 2J (1) 


vollkommen in Richtung des Jods, bei hGheren pH-Werten in Richtung des Hypo- 
jodits. Obige Gleichung lasst auch den Einfluss der Jodid—Konzentration erkennen. 
Hinsichtlich der Klarung der kinetischen Verhaltnisse dieser Reaktion sind die Unter- 


suchungen Skrabals! von grundlegender Wichtigkeit. Die Frage wird durch die rasche 


Disproportionierung des Hypojodits zu Jodat noch weiter erschwert: 
3JO JO. 2J (2) 


Jodat und Jodid kénnen tiber pH 8 auch langere Zeit hindurch nebeneinander 
existieren, bei einem niedrigeren pH-Wert spielt sich jedoch die allgemein bekannte 
auch zur Messung der Wasserstoffionen verwendbare—Reaktion 


JO,- + 5J- + 6H*+ = 3J, + 3H,O (3) 


bereits ab. 
Die Reaktion zwischen Perjodat und Jodid* lauft unter Bildung von Jodat und Jod 
(bzw. in Abhangigkeit vom pH-Wert auch Hypojodit) bei pH 8 bereits ab, 


JO H,O = JO,- + J, + 20H (4) 
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wird jedoch bei héheren pH-Werten derart langsam, dass die beiden lonen (JO,~ und 
J~-) voriibergehend auch nebeneinander bestehen k6nnen. 
Ansduern wird das Perjodat vollkommen reduziert: 


JO, 7J 8H 4J, + 4H,O (5) 


bigen Reaktionsgleichungen lassen erkennen, dass bei dauernd hohem 


das Jodat—Jodid System existiert, alle anderen Komponenten gehen in 


niedrigem pH-Wert hingegen fihren die Prozesse zur Bildung von Jod 


Komplex des Jods) 
> Untersuchung dieser miteinander in verwickelten Gleichgewichten 


onders bei niedrigen Konzentrationen—eine schwere und 


g von Jod, Hypojodit und Jodat nebeneinander die 
Titration des Hypojodits und Jods mit Arsenit in 
und nach Ansduern Titration des aus dem 

vor. Mit dieser Frage beschaftigte sich 

yme des Jods und Hy pojodits sowie das 

as Jod bzw. das Hypojodit jedoch nicht 

las gesamte Jod (inbegriffen auch das Jodid) in 
neuen Anteil der Lésung nach einer auf eine 

yn. Der so freigemachte Gesamtjod wird 

lt und gemessen. Mit der Bestimmung von 


ebeneinander igten sich Scharrer und 


HnNuUnAneE VON relatit ble Li did. ele mnentarem 

t der Bestimmung des Jods mit den Oxyda- 

*n diesen Formen ein Gleichgewicht besteht, 
-lementarem Jod, als auch mit 

reagiert. Diesem Zweck entspricht das 

n Jodat in Gegenwart von Jod bzw. 

1uss angewandte Phenol das Gleichgewicht 

dit verschiebt. Kolthoff empfiehlt dieses 

ekannten Handbuches® nach der Bespre- 

‘cur Analyse der Preglschen Lésung (ein Jodat, Jod 
ihrscheinlich borathaltige alkalische Lésung 
ulfat geeignet, das durch Jod mit annahernd 


hionat und durch Hypojodit zu Sulfat oxydiert 


28,0,” J, = S,0,° 2J (6) 

S,0, 4JO 2S0;° 4J- + 2H (7) 

6chten wir erwihnen, dass die direkte Titration mit Thiosulfat—insbeson- 

)1 n Massstabe—nach unseren Erfahrungen nicht zum Erfolg fuhrt, obzwar 
1 dieses Verfahren empfehlen.‘ 

- hierfiir liegt nach den Ergebnissen unserer Untersuchungen einesteils 

rheit der Indikation (pH 8) und anderenteils darin, dass das bei der 


Verfiigung stehende Beschreibung des Verfahrens ist uns uniiberblickbar 





Bestimmung geringer Mengen, das Jod in verschiedenen Oxydationszustanden usw 


Jod-Thiosulfat Reaktion gebildete Tetrathionat durch Hypojodit—zumindest teilweise 
gleichfalls zu Sulfat oxydiert werden kann. Die Ergebnisse sind weiter von der 
Geschwindigkeit der Titration abhangig. Auch die Konzentration des Hypojodits 
kann nach unseren Untersuchungen bei relativ niedrigen Jodid-Konzentration in einer 
Jodhaltigen Lésung bei pH 8 nicht mehr vernachlassigt werden. Dies liefert die 
Erklarung dafiir, dass das Jod bei pH 8 im 0,01 n Massstabe mit Thiosulfat nicht 
mehr direkt titriert werden kann. Liegt die Jodid-Konzentration héher, so kann der 
Endpunkt nicht mehr oder nur ungenau beobachtet werden. Die Thiosulfatlésung 
muss also im Uberschuss und auf einmal zugegeben werden.* Der Uberschuss wird bei 
pH 8 auf Starkelésung als Indikator mit Jodlésung zuriicktitriert. Der Tetra- 
thionat-Gehalt der Lésung lasst sich—gemeinsam mit dem bei der Riicktitration des 
rhiosulfatiiberschusses gebildeten Tetrathionat—nach der Methode von Kurtenacker 
und Fritsch'® bestimmen. Das Verfahren beruht darauf, dass das Tetrathionat mit 
Cyanid in neutralem oder schwach alkalischem Medium nach folgender Gleichung 

reagiert: 
S,0,2- + CN- + H,O = S,0,?- + SCN- + 2H+ + SO? (8) 


Das gebildete Thiosulfat kann unter geeigneten Bedingungen mit Jod titriert werden. 
Der urspriingliche Jodgehalt der L6sung kann in Kenntnis des Thiosulfatiiberschusses 
bzw. des aus diesem gebildeten Tetrathionats berechnet werden. 

Auch die Menge des Hypojodits lasst sich aus dem Unterschied zwischen dem in 
bekanntem Uberschuss angewandten Thiosulfat und den Daten der Tetrathionat- 
Messung berechnen. 

Da jedoch bei obiger Bestimmung das Aquivalentgewicht des Hypojodit-Jods das 
Vierfache des Atomgewichts des elementaren Jods betragt (siehe G1.7), verursacht ein 
eventueller Fehler bei der Titration eine bedeutende Abweichung. Es ist daher 
zweckmissiger, das beim Ansduern eines getrennten Teils der Lésung freigewordene 
und das urspriinglich vorhandene Jod gemeinsam zu bestimmen und das Hypojodit 
aus der Differenz zu berechnen. 

Bei Anwendung dieser Methode kann das urspriinglich vorhandene und das aus 
der Reduktion des Jods bzw. Hypojodits stammende Jodid in der gleichen Lésung 
nach entsprechender Verdiinnung in Gegenwart von p-Athoxychrysoidin als Adsorp- 
tionsindikator mit Silbernitratldsung direkt titriert werden."' Diese Methode wird 


namlich durch die Gegenwart des Tetrathionats nicht gest6rt und so ist es nicht not- 


wendig, einen dritten Anteil langwierig vorzubereiten.—Die zu befolgende Methode 


ist ibrigens im Analysenschema Nr. |. (siehe dort) kurz zusammengefasst. 

Wenn die Lésung ausser relativ viel Jodid, Jod, Hypojodit auch Jodat enthdalt, d.h. 
wenn das Jod mit den Oxydationszahlen —1, 0, +1 und +-V in seinen Verbindungen 
vorliegt, so kann das Jodat nach der Titration des freien Jods und des Hypojodits, 
d.h. nach Riicktitration des Thiosulfatiiberschusses bestimmt werden.t Die Lésung 
wird zu diesem Zweck angesduert, und das in Freiheit gesetzte Jod mit Thiosulfat 
titriert. 

Man kann auch vorgehen, indem man das bei letzterer Jodat—Jodid—Reaktion 


* Bei der Zugabe der Thiosulfatlésung findet eine geringgradige Anderung des pH-Wertes der Losung 
statt, diese ist jedoch—da das System in allgemeinen gepuffert untersucht wurde—praktisch vernachlas- 
sigbar. Ist die zu untersuchende Lésung nicht gepuffert, muss die Thiosulfatl6sung zuerst auf den pH-Wert 
der untersuchten Lésung eingestellt werden. 

+ Man darf dabei nicht vergessen, dass die L6sung oder die Thiosulfatl6sung auf den pH-Wert der 
urspringlichen Losung gepuffert sein muss. 
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v 
A nteil 2. Anteil (gleichgross mit 1.) 
J, 30-,3 
+ $,0,?- im Uberschuss 
v 
S,0,*- (aquivalent dem 
urspriinglichen J.) 
SO,*- (aquivalent dem JO~), J-, 
S,0,?- (Uberschuss) 


2 Titration mit Jg 
] Gesamtjod), S,O,° (Verbrauch C) 


Y 
S,0,?- (aquivalent mit dem 
urspringlichen J, und 
dem S,0,*--Uberschuss), 
sO,*-, J 
KCN 

vy 
(aquivalent mit der 
Gesamtmenge des S,O,*-); 
SO,2-, J 


fit bindet und nachher das Tetrathionat bestimmt. In solchen 


Cl i ‘ 


Fallen wird das Jodat in einem separaten Teil der L6sung bestimmt. 


Bei dieser Methode hat sich (im Gegensatz zum vorangehenden Fall) Tetrathionat 
nur in der Reaktion des urspriinglichen Jods und des Thiosulfats sowie bei der Riick- 
es Thiosulfatiiberschusses gebildet, da bei der Entfernung des aus dem Jodat 


Jods (siche G1.3) nur das in dieser Hinsicht indifferente Sulfat entsteht: 


SO, H,O = 2) SO, 2H (9) 


In diesem Falle wird das Jodat in einem getrennten Anteil der Lésung bestimmt, 
wobei durch Alkalischmachen auch das Jod zu Hypojodit umgesetzt und mit Phenol 


vebunde n Wird 


C,H;OH + OH JC,H,OH +. H,O (10) 


Wir méchten hierzu bemerken, dass das Jodat unter den gegebenen Umstanden 
unveradndert bleibt, und nach Ansauern der Lésung jodometrisch bestimmt werden 
kann, da das elementare Jod in saurem Medium mit Phenol nicht mehr reagiert. 
Dieses Verfahren wird noch eingehender besprochen. Vorlaufig verweisen wir auf die 
Analysenschemata 2 und 3. 

Ein Jodid, Jod, Hypojodit, Jodat und Perjodat enthaltendes System (Jod mit den 
Oxydationszahlen —1, 0, +1, +V und +VIL) kann nur voriibergehend bestehen. In 
diesem System reagiert das Perjodat im Gegensatz zu Jodat auch uber pH = 8 mit 
Thiosulfat. Diese Reaktion ist jedoch keine eindeutige. Gleichfalls oxydiert das 
Perjodat—abweichend vom Jodat—das vorhandene Jodid bei ungefahr pH = 8 zu Jod 
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1. Anteil . Anteil (gleichgross mit 1.) 


10°, 30. Ja 3 


-Uberschuss 
Y 
J, (urspriing! JO;~—, S,O,?~ (Aquivalent mit 
ausgeschieden), J dem urspriingl. J.), 
Titration mit S,O SO; (aquivalent dem JO-), J 
(Verbrauch A) . > ,* : 
| S,0,*- (Uberschuss) 
J-— (Gesamtjod), $,0,° 


3; » 940,°~ (Aquivalent mit den 
ApJ. S,0." urspringl. J, und dem 
S,0,*~ Uberschuss), 


J, (aquivalent n 
S,0,?-, SO, 


aquivalent mit dem 
urspriingl. J,, dem S,O 

-Uberschuss und dem 

). $O,*-. J 
CN 
vy 

S.0,?- (aquivalent mit dem 

urspriingl. J,, dem 
S.0,?--Uberschuss 

1.) 3 


Analyseschema 2 


(seihe G1.4). Das Jod kann ausser den bereits erwahnten Ursachen auch deshalb mit 
Thiosulfat oder Arsenit nicht direkt titriert werden, weil die Perjodat-Jodid Reaktion 
eine Zeitreaktion ist. Wahrend dieser Zeit geht im 0,01 n Massstabe eine nicht zu 


ry 12 


vernachlassigende Menge Jod bzw. Hypojodit in Jodat tiber. Mit Arsenit-Uberschuss 
kann jedoch durch Riicktitration mit Jod bei pH 8 eine zufriedenstellende Genau- 
igkeit erreicht werden. 

Auch diese Methode beruht auf der Reaktion 


JO,- + 2J- + H,O = JO,- + J. + 20H (4) 


4 


da sie ja nur in Gegenwart von Jodid durchgefiihrt werden kann. Das vorhandene 


Arsenit reagiert jedoch sofort mit dem gebildeten Jod: 


AsO,*- + J, + H,O = AsO,>- + 2J- + 2H (11) 
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Y 
2. Anteil 3. Anteil 
(gleichgross mit 1) (gleichgross mit 1) 


JO,-, JO-,J,, J 


(aquivalent JO,-, J-, JCsH,OH 


wl. J.), 5 
‘ nsa err 
juivalent mit 


mere 


irsprul 


Y 
] } le svrit 
Jo (aquivaient il 


I~, JC,H,OH 


940," , J 
JC,H,OH 


S,0 (aquivalent mit 
urspriingl. J 


m §.O.”2--Uberschuss), 


S.O,.*” (aquivaient mit dem 
J, und dem S,O,*--Uber- 


S,0,?-, SO,2-, J 


Analyseschema 


Perjodat reagiert mit Phenol nicht, daher ist die Bestimmung des Perjodats auch in 
Gegenwart von Hypojodit (und Jod) méglich. 

Diese Moglichkeit beruht gleichfalls auf der Ausnutzung der pH-Abhangigkeit der 
Reaktionsgeschwindigkeiten. Bei héheren pH-Werten lauft die Reaktion 4 namlich 
langsam, der Prozess 10 jedoch augenblicklich ab. Bei Verminderung des pH-Wertes 

t die Geschwindigkeit der Reaktion 4 allmahlich zu, die der Reaktion 10 jedoch 
ab. Es erscheint hier aber allmahlich auch der Prozess 11, der sich praktisch augen- 
blicklich abspielt. Bei pH 8 verschieben sich die Reaktionsgeschwindigkeiten noch 
mehr zugunsten der durch uns kontrollierbaren Reaktionen. Das in der Zeitreaktion 
4 gebildete Jod reagiert nach der Gleichung 11 augenblicklich weiter, da die Reaktion 
zwischen Phenol und Jod bei pH 8 bereits langsamer ablauft. Bei geniigend rascher 
Vorbereitung ist also mit einem Perjodat—Verlust praktisch nicht zu rechnen. 

Nach Titration des Arsenitiiberschusses kann in der Lésung nach Ansauern das 


urspriinglich vorhandene und das aus der Reduktion des Perjodats stammende Jodat 


jodometrisch bestimmt werden (siehe Analyseschema 4). 





(urspruing!| 


ausgeschieden) 


H,OH, J 


Die Summe des Hypojodits und d ‘lementaren Jods 
schen Bestimmung der Gesamtmenge der oxydierenden Stoffe| 
obenerwahnte System auch voriibergehend nur bei héheren pH-Wert 
ist es zweckmiassig, die Ergebnisse in Hypojodit-Jod anzugeben. Die getrennte 
Bestimmung der beiden Komponenten ist wegen der Perjodat-Thiosulfat Reaktion, 
nach den friiher besprochenen Prinzipien nicht durchftihrbar. 

Auf Grund unserer Untersuchungen wurde das in seine . ingen 
schiedenen Oxydationszustaénden vorliegende Jod nebeneinander n ich weiter unten 
ausfiihrlich beschriebenen Methoden bestimmt. Es muss ausdricklich darauf hinge- 
wiesen werden, dass nach Abmessen der einzelnen Anteile der zu untersuchenden 
Lésung zuerst diejenigen Operationen auszufiihren sind, welche die besonders 
labilen Gleichgewichte, bzw. der Verschiebung dieser vorbeugen. Diese Operationen 


sind das Hinzufiigen von Phenol und Lauge (im Abschnitt II. bzw. IL]) das von Thio- 


sulfat (im Abschnitt I. und IL) endlich das Hinzufiigen von Arsenit (im Abschnitt III). 
Wir méchten dabei vorausschicken, dass die nacheinanderfolgenden Operationen 


kontinuierlich, also ohne Unterbrechung der Reihe nach durchgefuhrt werden missen 


falls eine Wartezeit nicht ausdriicklich vorgeschrieben ist. Dies ist deshalb notwendig, 
weil bei einem Grossteil der Fille die Differenzen zwischen d 


len Reaktionsgeschwin- 
digkeiten zu analytischen Zwecken ausgeniitzt werden. 
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Ein Teil unserer experimentellen Ergebnisse ist auch tabellarisch dargestellt. Die in 
der Rubrik “Einwaage, mg” der Tabelle angefiihrten Daten sind teils effektive Ein- 
waagen, teils aus getrennten Messungen berechnete Werte, die auch auf Grund der 
Skrabalschen! Daten kontrolliert wurden. Die zu den Modellversuchen gebrauchte 
Lésung wurde aus drei Stammldsungen (0,01 n Perjodat-, Jodat-bzw. 0,01 n Jodid 
Jod—Hypojodit-Lésungen) unmittelbar vor der Ausfiihrung der Analyse vermengt. 
Die Mengenverhialtnisse der Jodid—Jod—Hypojodit-Lésung miissten aus den Ein- 
waagen auf Grund der Skrabalschen Daten rechnerisch ermittelt werden. 


BESCHREIBUNG DER VERFAHREN 

Reagenzien 

Natriumthiosulfatlosung, 0,01 n 

Kaliumjodidhaltige Jodlésung, 0,01 n 

Arsentrioxydlésung (neutral), 0,01 n 

Silbernitratl6sung, 0,05 n 

Kartoffelstarkelosung, 1% ige mit 0,1 °% Salicylsaure abgebaute und konservierte 

p- A thoxychrisoidinlésung, 0,2% ige in 96% igem Alkohol 

Phenolphthaleinldsung, 0,1 % ige 

Perchlorsaureldsung, 20%, ige 

Kohlendioxyd (aus Stahlflasche) 

Natriumhydroxydlésung, 20% ige 

Natriumhydroxydlosung, ca. 0,1% ige 

Kaliumcyanidlosung, 5 

Phenolldsung, 1% ige 

Formaldehydlésung, 5‘ 

Natriumsulfitl6sung, 1 


Die Reagenzien waren analytisch rein 


|. Bestimmung von Jodid-Jod, elementarem Jod, Hypo odit- und Jodat-Jod, wenn relativ wenig Jodat und 
relativ viel Jodid vorhanden ist 

Ein genau gemessener 20-40 mg Gesamtjod entsprechender Anteil der zu untersuchenden Lésung 
wird in einem 100 ml fassenden Erlenmeyerkolben mit eingeschliffenem Glasstopfen mit so viel 
Perchlorsaure angesauert, dass die Losung auf Perchlorsaure etwa 0,1 normal ist. Nach 10 Minuten 
wird das urspriingliche und das ausgeschiedene Jod in Gegenwart von Starke als Indikator mit 
Phiosulfatlosung titriert. Die Zahl der verbrauchten ml 0,1 n Na,S,O; wird mit A bezeichnet 

Die austitrierte L6sung giesst man nun in einen geraumigeren Kolben, verdiinnt auf ca. 200 ml 
und neutralisiert genau in Gegenwart von 1-2 Tropfen p- A thoxychrysoidinlésung zuerst mit 20°% 
iger Natronlauge, dann mit Perchlorsaure und schliesslich mit verdiinntet Natronlauge. Es werden 
nun weitere 8-10 Tropfen p-Athoxychrysoidinlésung zugegeben und das Jodid langsam und unter 
standigem Ruhren mit 0,05 n Silbernitratlosung titriert. Das p-Athoxychrysoidin als Adsorptions- 
indikator schlagt im Endpunkt von himbeerrot auf gelb um. Der Verbrauch wird mit B bezeichnet 

In einem anderen, gleich grossen Anteil der L6sung lasst man nun rasch 1/2—1/6 des Volumens A 
der Thiosulfatl6sung einlaufen. (Die notwendige Menge Thiosulfat wird nach der Menge Jodat, der 
relativen Menge Jod bzw. Hypojodit bemessen). Nach Vermischen werden 1-3 Tropfen Phenol- 
phthaleinl6sung zugegeben, dann wird so lange CO,-Gas durch die Loésung geleitet, bis diese eben 
entfarbt ist und schliesslich in Gegenwart von 5-10 Tropfen Starkel6sung der Thiosulfatiiberschuss 
mit Jodlésung titriert. Der Verbrauch wird mit C bezeichnet 

Man tropft nun Perchlorsaure zum Reaktionsgemisch bis das Brausen der L6sung nachlasst und 
dann noch so viel, bis der pH-Wert zwischen 1 und 2 liegt. Nach etwa 10 Minuten wird das ausge- 
schiedene Jod mit Thiosulfat titriert. Der dem Jodatgehalt proportionale Verbrauch wird mit E 
bezeichnet 

Die Lésung wird hierauf mit Natronlauge neutralisiert und noch 2 ml iiberschiissige Natronlauge, 
sowie 1-2 ml Kaliumcyanidlésung zugegeben. Man stellt die Loésung fiir 15 Minuten beiseite. 
Wahrend dieser Zeit spielt sich die Reaktion 8 ab, dann werden zur Bindung des Cyanidiiberschusses 


1-2 ml Formaldehydlésung zugegeben. Nach einigen Minuten wird die Lé6sung schwach angesauert 
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Thiosulfat mit Jodlésung titriert. Der Verbrauch der Jodl6sung wird mit F 


nen komponenten verbrauchten ml der Massl6sungen konnen folgendermassen 


. yal scchem >] 
e Analyseschema 2) 


st unmittelbar dem Jodat-Jod proportional. Das Aquivalentgewicht ist im 


} ein Sechstel des Atomgewichts des Jodat-Jods. 
1 Thiosulfatl6sung verbraucht. 


verden also E mi 0,01 n 
t kann aus dem Ergebnis der Tetrathionat-Titration (F) berechnet 


Jodgehalt 
Reaktion 8 aus einem Tetrathionat ein Thio- 


Fung dessen, 


also unterschiedliches von dem in der Reaktion 6), 


*(C) als auch bei der Jodatmessung (£) Tetrathionat 


fachheit halber wird dieser Wert mit « 
6) des Jods 


j 


enge des eclementare 


hten Messlésung (A) na 


Atomgewichtes (siehe Gl. | 
MM 


nove i;4 | nter } leo y 
eC Jodid-J« qa enisprecnende ivi 1g 
i 


esslOsun 
ur Bestimmung des freien sowie des 
entsprechender Umrechnung, unter 


Abz 


(12) 


Nn 


LoOsung umrechnet 


nd 0 (elementares Jod 


C 


t 6,346 mg Jod im Oxydationszustand 


lit- und Jodat-Jod 


0—40 mg Gesamtjod entsprechenden, genau eingemessenen Lésung werden 
V und der gesamte Jodgehalt (letzterer in Form 
‘hend im Abschnitt 1. beschriebenen Methode Die 


{ bzw. B bezeichnet 





Bestimmung geringer Mengen, das Jod in verschiedenen Oxydationszustanden usw 


Zum zweiten (gleich grossen) Anteil der I Osung wird gleichfalls ein Thiosulfatiiberschuss zugege- 
ben und der Uberschuss bei pH 8 mit Jodlésung titriert. Dieser Wert wird mit C bezeichnet 

Die Lésung wird nun angesauert, und das gebildete Jod mit Sulfitlo6sung reduziert. Der Sulfit- 
liberschuss wird mit 0,01 n Jodl6sung gebunden. Man bestimmt hierauf den Tetrathionatgehalt der 
Losung mit der bereits beschriebenen Cyanid-Methode. Der Verbrauch an 0,01 n Jodlésung wird 
mit D bezeichnet 

In einem dritten, gleich grossen aliquoten Teil wird schlieslich der Jodatgehalt nach folgender 
Methode bestimmt: 

Man macht die Lésung mit 1 ml 20% iger Natronlauge alkalisch, und versetzt unverziiglich mit 
1-2 ml Phenoll6sung. Nun wird auf 50 ml verdiinnt und in Gegenwart von einigen Tropfen Phenol- 
phthaleinldsung bis zur Entfarbung Kohlendioxyd eingeleitet. Man sauert hierauf mit so viel Per- 
chlorsaure an, dass diese nicht nur die Hydrocarbonate zersetzt, sondern auch der Saéuregehalt auf 
etwa 0,1 n eingestellt wird. Nach 10 Minuten wird die mit dem Jodat aquivalente Jodmenge mit 
rhiosulfat titriert. Der Verbrauch wird mit E bezeichnet. Der Gang der Analyse ist im Analyse 
schema 3 gezeigt 

Die fiir die einzelnen Komponenten verbrauchten Mengen der MasslOsungen werden 
folgenden Formelin berechnet 

Fir das Jodat: E ml; 

fur das Jod (da sich bei der Reduktion des Jodats kein Tetrathionat gvebildet hat, siehe Gl. 9) 
[2D ( } cml: 

und fiir das Hypojodit (auf Grund der im ersten Kapitel beschriebenen Uberlegungen) 

(F c)] d ml 0,01 n Na,S,O;-Losung 

Dem urspriinglichen Jodidgehalt der Losung entspricht [B — (0,0333 / 0,2 « 0,1 d)] ml 

0,05 n AgNO,-Lésung 


Die Aquivalentgewichte sind die gleichen wie die im Abschnitt I angegeben worden sind 


Ill. Bestimmung von Jodid-Jod, elementarem Jod, Hypojodit-, Jodat-, und Perjodat-Jod nebeneinander, 


>” fir ipl ij l sorb} vIe 
wenn relativ viel Jodid-Jod verhanden ist 


Im ersten, 20-40 mg Gesamtjod entsprechenden, genau gemessenen aliquoten Teil werden die 
Messungen mit den Messwerten A bzw. B wie in den vorangehendenen Abschnitt II. bzw. I 
durchgefihrt 

Ein zweiter gleich grosser Losungsanteil wird mit 1 ml 20% iger Natronlauge alkalisch gemacht 
und unverziiglich mit 1-2 ml Phenollésung, sowie mit einer genau gemessenen, dem erwarteten 
Perjodatgehalt entsprechenden Menge einer 0,01 normalen Lésung von arseniger Saure versetzt 


Die Menge der arsenigen Saure wird mit G bezeichnet. Man gibt nun einige Tropfen Phenolphthalein 


hinzu und leitet bis zur Entfarbung CO, ein. Nach 15 Minuten wird der Uberschuss der arsenigen 
Saure auf Starke als Indikator mit 0,01 n Jodlésung titriert (H)). Die Lésung wird auf etwa pH l 


angesauert und nach 15 Minuten wird das durch den urspriinglichen und den bei der Reduktion des 
lt freigemachte Jod mit 0,01 n Thiosulfatlésung titriert. Das Ergebnis 


Perjodats gebildeten Jodatgeha ‘ 
wird mit J bezeichnet 

Fir die einzelnen Komponenten wurden folgende Mengen Massl6ésung verbraucht 

Die Perjodatmenge kann in Kenntnis der Mengen der Arsenitl6sung (C) und fiir deren Uber- 
schuss verbrauchten Jodlésung (#7) berechnet werden 

Fiir das Perjodat wurden also 

[G H]= e ml 0,01 n Thiosulfatl6sung aquivalente 0,01 n arsenige Saure verbraucht 

Das Aquivalentgewicht des Perjodat-Jods ist auf Grund der Reaktion 4 die Hialfte des Atom- 
gewichts. Im Laufe dieser Reaktion bildet sich Jodat, dies muss also bei der Berechnung der fiir das 
urspriingliche Jodat verbrauchten L6sungsmenge beriicksichtigt werden. Auch muss man in Betracht 
ziehen, dass zwischen den Reaktionen 3 und 4 ein Aquivalenz-l nterschied besteht, daher sind dem 
urspriinglichen Jodat-Jodgehalt der Losung: 

[/ 3e] = f ml 0,01 n Thiosulfatlosung aquivalent 

Der gemeinsamen Menge Hypojodit + elementares Jod entsprechende ml Thiosulfatlésung 
erhalt man, wenn man aus den dem elementaren Hypojodit-, Jodat- und Perjodat-Jod anzeigenden 
ml A die fiir das Jodat- und Perjodat-Jod verbrauchten ml der Messlésung in Abzug bringt 


[A — (f + 4e)] = «ml 
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Dem urspriinglichen Jodidgehalt der untersuchten Lésung (angenommen dass die Losung nur 
Hypojodit nicht aber elementares Jod enthalt und unter Beriicksichtigung dessen, dass das Aqui- 
valentgewicht des JO,- von dem auf Grund der Reaktion 4 berechneten auch hier abweicht) sind: 

[B — (0,1 « 0,0333 f + 0,1 .g)] ml 0,05 n Silbernitratlésung gleichwertig 

Die Aquivalentgewichte fiir das Jod in verschiedenen Oxydationszustanden sind die gleichen, die 

es Abschnittes I. angegeben worden sind bzw. | ml 0,01 n arsenige Saure entspricht (auf 
er Reaktionen 4 und 11) 0,6346 mg Jod im Oxydationszustand VII (Perjodat) 


Schliesslich méchten wir noch erwadhnen, dass unsere Untersuchungen mit solchen 
Systemen durchgefiihrt wurden, in denen die Menge Jodid Jods im Verhaltnis zum 
lod mit anderen ( xydationszahlen im Uberschuss vorlag. Ist wenig Jodid vorhanden, 
so muss vor den oxydimetrischen Titrationen eine entsprechende Jodidmenge in das 
System eingetragen werden. Das Jodid—Jod bzw. das Gesamtjod lasst sich in einem 


separat vorbereiteten (reduzierten)L6sungsanteil bestimmen. 


Summary A syste! nsisting of iodide, iodine, hypo-iodite, iodate and periodate is labile, and has 

higher pH values. Periodate may be reduced, after decomposition of hypo- 

excess of arsenious acid, the excess of which is back-titrated. The iodate, 

and hypo-iodite by means of phenol, is determined iodometrically. In the 

the quantity of iodate formed is equivalent to the periodate. The total quantity 

ne is calculated from the difference of the iodometric measurements (with and 

termination of the total amount of oxidising substance, the total amount 

litrate using p-ethoxychrysoidine as adsorption indicator. In 

late, elementary iodine along with hypo-iodite is determined using the same 

ite is oxidised by hypo-iodite to sulphate, but by iodine to tetrathionate. The 
ined by the procedure of Kurtenacker and Fritsch 

mposé diodure, d’iode, d’hypoiodite, d’iodate et de periodate est labile et 

x fortes valeurs de pH sous controle. Certains auteurs réduisent le periodate, 

de l’hypoiodite au moyen du phénol, avec un exces d’acide arsénieux, et titrent 

iprés réduction de liode et de ’hypoiodite au moyen du phénol, est dosé par 


ntité totale d’hypoiodite et diode est calculée d’apres la différence des titres 


vec ou sans phénol). Aprés dosage de la quantité totale d’oxydant, Piode total peut 


en du nitrate d’argent, en utilisant la p-éthoxychrysoidine comme indicateur d’ad- 


| odate, liode élémentaire en présence d’hypoiodite est dosé d’apres le principe 


fate est oxydé en sulfate par l’hypoiodite, et en tétrathionate par liode. Cette derniere 


étre réalisée en utilisant le procédé de Kurtenacker et Fritsch. Les résultats sont 
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Summary—A study has been made of the precipitation of aluminium from homogeneous solution 
with 8-acetoxyquinoline. The use of 8-acetoxyquinoline results in an aluminium precipitate with 
superior physical characteristics as compared to that produced in the conventional manner with 
8-hydroxyquinoline. A separation of 25-mg quantities of aluminium from 300 mg of magnesium o1 


1000 mg of calcium can easily be made 


[HE precipitation of aluminium from homogeneous solution as the 8-hydroxyquinolate 
was accomplished by Stumpf! who used urea to raise the pH of an acid solution 
containing urea and 8-hydroxyquinoline. 8-Acetoxyquinoline can also be used as a 
source of 8-hydroxyquinoline to precipitate metal 8-hydroxyquinolates from homo- 
geneous solution.*** The present paper describes the use of 8-acetoxyquinoline for 


the precipitation of aluminium in an acetate-buffered solution at pH 5. 


PROCEDURI 
Dissolve 1-0 g of 8-acetoxyquinoline in 25 ml of 1:1 acetic acid in a 250-ml beaker Add imme- 
i solution containing 3 to 25 mg of aluminium and dilute to approximately 150 ml with distil- 
Adjust the pH slowly to 5-0 using filtered 1:1 ammonium hydroxide. Dilute the solution 
to 200 ml, cover the beaker with a watch-glass, and place on an electric hot-plate so regulated that the 
on may be raised to approximately 50° and held at this temperature for 3 hr. Cool to room 
ture and filter through a medium porosity filtering crucible, transferring and washing the 
precipitate with about 100 mi or less of cold water. Dry at 135 5° for | hrand weigh as Al(C,H,NO) 
the gravimetric factor 1s 0-0587 
REAGENTS 


{/uminium:; An aluminium solution was prepared by dissolving the high-purity metal (> 99-9 
1 


I 
by precipitation of 


aluminium) in hydrochloric acid and diluting. The standard value was obtainec 
the aluminium with ammonium hydroxide.‘ 

Reagent grade Ca(NO;).°4H,O (J. T. Baker Chemical Company, Phillipsburg, New 
Jersey) 

Magnesium: Reagent grade Mg(NO3;).°6H,O (General Chemical Company, New York) 

8-H ydroxyquinoline A solution was prepared by adding 5 ml of glacial acetic acid to 2:5 g of the 
reagent (Matheson, Coleman, and Bell Division of Matheson Company, East Rutherford, New 
Jersey); after warming to dissolve the reagent, the solution was diluted to 90 ml with warm water, 
cooled, filtered to remove solid matter, and then diluted to 100 ml. 

8-Acetoxyquinoline: This reagent was prepared by the method of Salesin and Gordon’ with 


slight modification, /.e., instead of a 3-fold excess of acetic anhydride only a 20 °% excess was used. 


EXPERIMENTAL 

Preliminary investigations were made to determine the appropriate concentrations of reagents, 
the temperature of reaction, and the pH, which would result in the quantitative precipitation of 
aluminium 8-hydroxyquinolate in a form with desirable physical characteristics 

No precipitate could be obtained at pH 4-0, heating the solution, with 8-acetoxyquinoline present, 
for three hours at 45°. At pH 4-5, aluminium 8-hydroxyquinolate precipitated in the form of spherical 
aggregates at temperatures between 25 and 75°; above 75° the physical appearance of the precipitate 
began to change and stubby needles, with slight curvature, were formed between 85° and the boiling 


993 
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Precipitation of aluminium 8-hydroxyquinolate from homogeneous solution 


point. In all cases the precipitate was of better physical form than that obtained by a direct method of 


addition of 8-hydroxyquinoline 
45 Above pH 7:8, precipitation of the aluminium with 8-acetoxyquinoline occurred 


Only spherical aggregates were obtained within the pH range 4-5 to 


8-0, at 25 to 


almost instantly 
{f 8-acetoxyquinoline 


poses were obtained by u 1g = 4 q 


The best results for analytical pur 
(approximately twice the stoichiometric q lantity required for 25 mg < aluminium) heating the 


solutior 3 hr at 50°, and buffering at a pH | Almost equally Satistactor esults were »btained 


graphs of several aluminium 8-hydroxyquinolate precipitat 


RESULTS AND DISCUSSION 


Table | shows that satisfactory results can be obtainec 


of aluminium using the procedure given. Results obtained at 


although they appear to be slightly low in some cases 


iitial pH of 5-0, the buffer c ‘ity of the solution 


0-02 mg. 
o Goto,' magnesium 


a good separation 


. stand | _ reac? 
expecied [he results of T< 


from at least up to 1000 m: 


Zusammenfassung 


1 between 


Y con- 
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DITHIZONI 


[ISOTOPIC 
HIGHLY SELECTIVE 
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Praha, Czechoslovakia 


epted 20 November 1960) 
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Summary—2Zinc | been determined by a single extraction in the form of a complex with dithizone, 
10°, and in amounts of 


to 10-° g/ml wit! 


h an average precision of 
In the analysis even a large excess of 


The method is very 


1 an average precision ol 15 
ractable complexes with dithizone does not interfere 
rle extraction of the solution to be analysed and measurement 


i 
iSU 


The procedure developed is more precise and sensitive than 


INTRODUCTION 


paper’ the theoretical foundation was given for the determination of 


amounts of metals by extraction followed by isotopic dilution analysis. From 
it was concluded that in each case an element may be selectively determined, 
’f an extractable complex, which has the highest value of the constant of 
on process, K. The selective determination of such an element does not 
reat difficulties. To prove the possibility of using this method under 
cult conditions the determination of zine has been chosen, because in this 

The determination of trace 


ng agent must be used to attain selectivity.' 
inc is also important from a practical point of view in ascertaining the 


1i-conductor materials. 


EXPERIMENTAI 


ter with we ll-type Nalf Il) crvstal 


] tn wel 
liometer TTTI (¢€ openhagen) 
th ground stopper, volume 25 ml 


aker, glass test-tubes witf 


Purity was controlled by a colour reaction with 


Carbo A.R., twice distilled 


Dithi 


Buffer ylut 
f ammonia, purified twice by isothermal distillation. 


0-1N ammonium chloride was purified twice by dithizone and its pH regulated by 


the additior 
Hydrochloric acid: A.R., purified by repeated distillation. 


Diethanoldithiocarbamate:*.* Prepared by mixing 6-0 g of A.R. diethanolamine and 3-5 g of A.R. 


carbon disulphide in 120 ml of absolute A.R. methanol. Before each experiment 50 ml of this solution 
was mixed with 450 ml of ammonium chloride—ammonia buffer and purified by dithizone extraction 
to remove the last traces of zinc [solution (1)] 

Radio-zinc solution (°Zn, Ty;; 250 days):* A solution of specific activity 100 mce/g of zinc was 
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always diluted to the necessary concentration with twice-distilled water. A solution of non-active 
zinc was prepared by dissolving 99-999 °% pure metal in the necessary amount of sulphuric acid and 


was diluted to the required concentration by twice-distilled water 


Procedure 

To 10 ml of the analysed solution of non-active zinc (of the order of magnitude of 10-° g of 
7inc/ml), which contained a great excess of other metals, 42°50 10~° g of radio-zinc (y) were added 
After the addition of 4 ml of solution (1) the pH of the analysed solution must reach a value of 7:5 to 


8-5 e original solution is too acid, its acidity must be decreased with ammonia free from zinc 


The solution thus ‘pared is extracted by a it 1-4 ml of 10-4 M dithizone solution in carbon 


tetrachloride. After shaking for 20 min, the a phase is separated and the activity of 1-00 ml of 
the solution is measured by a scintillation counter (A t the same time a solution, containing 
(40-100) 10° g of radio-zinc, 4 ml of solution and nl ¢ 1e Si amount of dithizone 
solution in carbon tetrachloride, is extracted a ity of yf the extract is measured by a 


scintillation counter (A,). The amount of non-act letermined ilculated from the relation 


RESULTS AND DISCUSSION 
In Table I the results are given of determinations carried out by the procedure 


described, and the errors are evaluated for the various concentration regions. At the 


EXTRACTION O INC BY 
f Jn m! . 


YO ( 


Zinc 


0 
LU ¢ 
1000 Hg- 
500 FT 
1000 ¢ 

500 ¢ u?* 
500 Sn-* 
1000 Bi** 
1000 Pb 

0 


0 


100 Pr? ’ 3-319 
100 Cu* + 0-003 
500 Ni* ] ; 0-051 — 1:8 
300 Cu* 
100 Co* 
S00 He- 
0-103 500 Cd* 
0-169 500 Pb- 
0-061 1000 Cu* 


64-000 37 0-0235 50 AB’ y 0°3343 
64-000 3 3503 0-0160 50 Bi® j 0-00523 
64-000 36-2 325 0-0093 50 Fe* 0-0078 
64-000 36 32 0-0133 50 As® 

32-570 5 33 0-0003 50 Cd? 

24-951 13-990 33 0-0023 50 Pb- 

24-95] 13-740 03469 00126 50 Cu? 

23-600 12-930 0:3501 0-0158 50 Hg” 


7-880 7-020 0-0269 0-0134 5 Ni** + = 0-0403 
7-880 7-100 0-0234 0-0169 5 Cu*+ > +0:0061 
7-470 6-400 0-0353 0-0050 10 Co?* 0:0077 
7-470 5-870 0-0580 00177 10 Hg** 

7°470 5-865 0-0580 0-0177 0 





& Volume of analysed solution in all experiments listed in Table was 10 ml. 
In the range 3 10~° g of Zn/ml, CHA 1 x 10 . M and A,, A» expressed in cpm 
3 x 107‘ g of Zn/ml, CHA 5 10-° M and Aj, A» expressed in cpm 
3 10-8 g of Zn/ml, CHA = 0°5 to 1:0 * 107° M and A,, Ag expressed in cp 5 min. 


10-® g of Zn/ml, CHA < 10-® M and A,, Ay expressed in cp 5 min 
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same time the amounts of added active zinc and dithizone concentrations Cy, are 


given. The dithizone concentration is always lower than would correspond to the 


stoichiometric amount of zinc present. 


i 


lhe influence of pH on the extraction of zinc by a 10~* M solution of dithizone in 


trachloride is shown in Fig. 1. In these experiments the volume of the 





e of pH on the amount of extracted zinc-dithizonate (®°Zn labelled) in CCl, 


Activity, A, is expressed in 10° cpm. 


aqueous phase was ten times larger than the volume of the organic phase, so that zinc 
was present in excess with respect to dithizone. Under these conditions, at pH 7-0 to 
9-5 the maximum amount of zinc is extracted, which is in agreement with the predicted 
value.’ In this region the influence of pH on the extraction of zinc is negligible. 

By studying the influence of the time of shaking on the extraction of zinc it was 
found that in the pH region 7-0 to 9-5 equilibrium had already been attained after 
shaking for 10 min. 

From Table | it is seen that by the proposed method it is possible to determine 
amounts of zinc of the order of 3 10° to 3 10~* g/ml with an average precision of 


1°.. In the region of 3 10-* g of zinc/ml the precision was substantially lower 
(+-15°.). The increase of the mean deviation of the arithmetic mean of a number of 


measurements, 


N n(n 1) 
with a decreasing concentration of determined zinc is caused in part by a decrease of 
the measured activity, and in part by the fact that the elution of zinc from the material 
of the vessels employed influenced more and more the precision of the analysis. This 
is also to be seen from the fact that the amount of zinc found at the lowest concentra- 


tions was a little higher than the amount of zinc added. The substantial increase of the 
error in the analysis of the smallest amounts of zinc was caused above all by the fact 
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that the low specific activity of the employed radio-zine necessitated, at this concentra- 
tion, dilution with the analysed solution of non-active zinc in a ratio of 5:1. The 
variation of the measured activity at low count rates of 1800 cpm and high background 
of 600 cpm already greatly influenced the result of the analysis 

rhe presence of metals having a value of K lower than the K value of zine dithi- 
zonate interferes in the determination of zinc.! To eliminate the influence of these 
cations various methods were examined. Firstly, the precipitation of interfering 
metals with hydrogen sulphide in an acidic medium was tried. This method was not 
successful, because the precipitate of sulphides formed contained nearly all of the zinc. 
The elimination of interfering elements by electrolysis was also unsuitable. In using 
thiosulphate as a masking agent, excess cadmium, cobalt and nickel interfered. The 
influence of interfering ions is best eliminated with diethanoldithiocarbamate. This 
reagent was chosen on the basis of the work of Margerum and Santacana’ and proved 
successful. Diethanoldithiocarbamate forms crystalline precipitates with interfering 
metals, which do not adsorb traces of zinc on their surface, so that it is possible to add 
the reagent directly to the extracted solution. From Table I it is evident that in the 
determination of zinc in the presence of diethanoldithiocarbamate there is no 


interference even from a multifold excess of metals capable of extraction by dithizone 


mercury, silver, platinum’’ ,copper, bismuth, cadmium, cobalt, nickel,iron, lead and tin. 


[he proposed method is very simple and rapid. A single extraction of zinc from a 
solution containing an excess of interfering metals is far simpler than the conventional 
colorimetric determination of zinc by dithizone. From a comparison of our results 
with data from the literature? it is evident that determination of zinc by this method is 
far more sensitive than determination by activation analysis, spectral analysis, 
amperometry or flame photometry and more sensitive than colorimetric determination 
of zinc. This sensitivity could be further increased by the use of radio-zine of higher 
specific activity. The method of isotopic dilution has the further advantage, that after 
the isotopes have been mixed there may be further losses of the element determined, in 
subsequent operations (for instance in separating the solution from the suspension in 


the analysis of samples), without endangering the result of the analysis. 


Acknowledgment—The authors thank Dr. V. Majer and Dr. J. Cihalik for their interest in this work, 


and Dr. R. Pfribil for critical discussions 


Zusammenfassung—Zink wurde bestimmt in Mengen von 10 10-* gZn/ml unter Anwendung 
einer einzigen Extraktion des Dithizonkomplexes. Die Genauigkeit betragt 0,1°%. Selbst 10°° g 
Zn/ml k6nnen bestimmt werden, doch ist die Genauigkeit nur mehr 15° In der Analyse st6ren 
selbst grosse Mengen von Metallen nicht, die ebenfalls Dithizonkomplexe bilden. Die Methode ist 
einfach und schnell, efordert eine einzige Extraktion und Zahlung der Radioaktivitat im Extrakt und 


ist genauer als die kolorimetrische Bestimmung mit dem selben Reagens 


Résumé—Le zinc a été dosé par simple extraction sous forms d’un complexe avec la dithizone: des 


4 


quantités de 10-° a 10-* g de Zn/ml avec une précision moyenne de +-0,1 % et des quantités de 10-* g 
de Zn/ml avec une précision moyenne de +15%. Méme un grand exces de métaux qui forment des 
complexes extractibles par la dithizone ne géne pas l’analyse. La méthode est tres simple et rapide; 
elle consiste en une extraction simple de la solution a analyser et en une mesure de la radioactivité du 
corps extrait. La méthode est plus sensible et plus précise que le dosage colorimétrique du zinc par 


la dithizone 
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Summary—A spectrophotometric study of the new tellurium bismuthiol II reaction has been made 
to ascertain its suitability for the determination of traces of tellurium. The reaction mechanism is 
discussed. The yellow tellurium compound which is developed at pH 2-0-2:2 is stable, and is 
quantitatively extracted by chloroform at pH 5. Addition of ammonium sulphate increases the 
rate of extraction. Two procedures, using aqueous solution with an absorption maximum at 395my, 
or solvent extraction with an absorption maximum at 335 my, are proposed. The extraction 
procedure makes the method more selective and sensitive. Many common ions do not interfere when 
EDTA and citrate are used as masking agents. The interferences from mercury, iron, copper, and 
selenium are serious. Beryllium or selenium may be used as collecting agents in the presence of EDTA 
for separation of tellurium. Selenium may subsequently be removed by volatilisation with bromine and 
hydrobromic acid. The absorptivity and sensitivity of the reaction were found to be 28,000 and 0-005 


ug tellurium per cm’, respectively, at 335 my 


INTRODUCTION 


BISMUTHIOL II (5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione) has been used for the 
determination of bismuth, palladium, and other metals.*:9.9.12, This reagent has not 
been used for the determination of selenium or tellurium.* It was found that it 


reacts with selenium or tellurium below pH 5 forming a yellow coloration or pre- 


cipitate which can be extracted by chloroform. A very sensitive and highly selective 


method for selenium is already available,* and therefore no attempt was made to 
utilise this reagent for selenium. However, a sensitive, selective, and satisfactory 
method for tellurium is still lacking; hence, an investigation aimed at utilisation of this 
reagent for determining traces of tellurium was undertaken. 

Two sensitive methods for tellurium are available: (a) the iodide method of 
Johnson and Kwan® and (4) the dithiocarbamate method of Bode.'® In the first 
method, the complex cannot be extracted by organic solvents and is subject to many 
interferences; in the second method the complex can be extracted by organic solvents 
and is more selective than other known methods for tellurium. But both methods are 
very sensitive to light, especially ultraviolet light. This is a serious drawback, since 
their absorption maxima are in the ultraviolet or near ultraviolet region. Not only is 
the colour reaction of the bismuthiol II method sensitive for traces of tellurium, but 
also the colour is stable. The variables for development and extraction of the coloured 
product have been studied. The precision of the method was found to be within +2%, 

QUALITATIVE TEST 

Bismuthiol II reacts with many metals forming coloured products in acidic or 
alkaline medium.*.*-!9.!2. The selectivity due to the masking action of EDTA at various 
pH values has been reported.’ Iron, copper, palladium, silver, gold, cadmium, mercury, 

* After this paper was presented for publication, a paper appeared on the photometric determination of 
tellurium with bismuthiol II, J. Jankovsky and O. KSir, Ta/anta, 1960, 5, 238. 
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lead, arsenic, antimony, bismuth, selenium, and tellurium still react with 


thallium, 
f EDTA (ethylenediaminetetraacetic acid) and tartrate 


bismuthiol II in the presence o 
lese, except silver, mercury, gold, and thallium, react at 
: is also added as a masking agent, at pH above 6, the reaction 


All platinum metals react with the reagent in the 


ff EDTA, but above pH 10, only rhodium and iridium react in the presence 


2, cyanide does not effectively mask copper. Cerium!’ gives a 


sismuthiol Il in the presence of EDTA at pH 2:5, probably 


PROPERTIES OF THE REAGENT AND ITS 
rELLURIUM COMPOUND 


f "1 t} 
form of the acid 


1 or its potassium salt is pure white, changing to 


| r. The potassium salt is soluble in water and stable, and its 


xposed to alr. 


on is almost colourless. Its solubility in organic solvents depends on 

; in general more soluble in the organic solvent. 
r selenium it forms an intense yellow-coloured compound or 
icidic medium below pH 5, but the compound is decomposed above 
> compound is extracted at pH 5-8 by alchohols, ketones, chloroform or 
loride. The compound is stable in both aqueous solution and organic 
reagent is oxidised, probably to disulphide, by many strong oxidising 
-rsulphate, ferricyanide, efc. The reaction with tellurium or selenium 

etion relatively slowly. 

um or selenium bismuthiol II precipitate is sensitive to high temperature; 
1 yellow to brick red at a temperature above 50°. It can be dried at 
ature under vacuum to a constant weight. Addition of methanol, 
‘tone he freshly prepared precipitate liberates elemental tellurium 


Bismuthiol | (2,5-dimercapto-1,3,4-thiodiazole) reacts in a similar 
TABLE | REACTION OF ORGANIC SOLVENTS 


Ethanol Acetone 


, and the solution became dark 
i light vellow solution 


i the solution showed a tan to reddish turbidity 


ind t 


manner with selenium, tellurium, iron!!, copper, and other elements. However, when 
the yellow precipitate of tellurium (or selenium) bismuthiol I is dissolved by addition 
of ammonium hydroxide, elemental tellurium (or selenium) is precipitated. With 
bismuthiol Il, the yellow selenium precipitate is more difficultly dissolved than the 
yellow tellurium precipitate. Upon addition of ammonium hydroxide, furthermore, 
neither elemental selenium nor elemental tellurium is immediately precipitated. This 
reduction reaction differentiates bismuthiol I from bismuthiol II. 





Bismuthiol II as a reagent for tellurium 


EXPERIMENTAI 
Reagents and Apparatus 


Bismuthiol II (potassium salt of 5-mercapto-3-phenyl-1,3,4-thiadiazole-2-thione): 1° aqueous 
solution. 

Citric acid: 1M. 

Ammonium sulphate: 50%, w/v aqueous solution, adjusted to pH 2:2 with sulphuric acid 

EDTA (sodium salt of ethylenediaminetetra-acetic acid): 0-1M 

Standard tellurium solution: Dissolve 0-1 g of pure tellurium in 5 ml of concentrated sulphuric 
acid by heating. Fume to drive off most of the acid fter cooling, carefully add 100 ml of water and 
dissolve the tellurous acid precipitate by adding a minimum amount of 4M potassium hydroxide 
solution, then making to | litre. This solution contains 0:1 mg of tellurium per ml. More dilute 
solutions may be prepared by appropriate dilution from the stock solution 

Polyvinyl alcohol: 2%, aqueous solution 

Other reagents are analytical reagent grade 

Beckman spectrophotometer Model DU and Beckman pH meter Model G or equivalent 


Procedure 

Preparation of calibration curves 

(a) Aqueous Solution Transfer 0, 1-0, 2-0, 3-0, 4-0, and 5-0 ml of standard tellurium solution 
(25 ug of tellurium per ml) to 125-ml beakers. Add 1 ml of 1M citric acid and | ml of 2% polyvinyl 
alcohol solution, dilute with water to approximately 15 ml, add 2 ml of bismuthiol II solution, and 
set aside for 20-30 min. Adjust the pH to 6:5 carefully with 6M ammonium hydroxide, while stirring 
Transfer to 25-ml volumetric flasks and make to volume. While stirring or mixing avoid the formation 
of foams. Measure the absorbance at 395 my using a reagent blank 

(b) Solvent Extraction. Transfer 0, 1-0, 2-0, 3-0, 4-0, and 5-0 ml of the standard tellurium solution 
(10 ~g tellurium per ml) to 125-ml beakers, add 6 ml of ammonium sulphate solution, and dilute to 
approximately 25 ml. Add | ml of 1M citric acid solution, 3 ml of 1% bismuthiol II solution, and 
set aside for 20-30 min. Adjust the pH to 6-5 with 6M ammonium hydroxide. Transfer to 125-ml 
separatory funnels. Shake vigorously with 10-0 ml of chloroform for | min. After filtering through 
glass wool, measure the absorbance at 335 my, using a reagent blank 

The conditions, the volume of the solution, the pH, etc. should be carefully controlled in order to 
obtain good reproducibility 

DISCUSSION AND RESULTS 

Spectral characteristics 


[he absorbance curves for the bismuthiol II and the tellurium compound in 


aqueous solution and in chloroform are shown in Figs. | and 2. The curves indicate 


Absorption spectra, aqueous solution. (pH = 6:2: water as blank.) 
I—Bismuthiol II. 
I1I—40 yg Te + bismuthiol II in 10 ml of aqueous solution 
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pH 6°2 for extractic 
chloroform 


Il in 10 ml of chloroform. 


that the 


395-400 mu, and in 


llurium compound in aqueous solution has an absorption maximum at 
3 


335-340 mu. Since 
1 small amount of bismuthiol II is also extracted by chloroform, a reagent blank should 


chloroform has an absorption maximum at 


ilwavs be used when the chloroform extract is measured below 400 mu. 


/ 


reagents 

It was found satisfactory to use 2 ml of 0-1°% bismuthiol If solution in aqueous 
solution and 3 ml in the solvent extraction procedure (Fig. 3). When EDTA is 
added for masking purposes, the actual amount of EDTA required depends upon the 
amounts of interfering metals present. The amount of EDTA has no effect on the 




















> 


1% Bismuthiol 0, mi 


Effect of amount of bismuthiol II. 
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development of the tellurium colour. If EDTA is used to prevent the formation of 


insoluble hydroxides, it may be added after the tellurium colour has been developed 


at pH 2-2, and before the pH is adjusted to 6:5. 


Effect of pH 

[he colour of the tellurium-bismuthiol I] compound is developed only in acidic 
medium. If the solution is too acid, the bismuthiol II is precipitated in its acid form; 
if the pH of the solution is above 2-5, the formation of the tellurium-bismuthiol I] 


compound is inhibited. It see th he optimum pH for the colour development 


tl 


at 2-0—2-3 (Fig. 4). Citric acid not only serves as a good buffer but also as a complexing 








pH 


Effect of pH on solvent extraction. I, 395 my: II, 335 mu. 
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agent to prevent hydrolysis of many metals. The amount of citric acid present has no 


effect Tartaric may be used instead of citric acid. Fig. 5 shows that 


loured product is stable in neutral or slightly acid medium and that it decomposes 


the CO 
For solvent extraction, the pH should be adjusted to 5—7. An 

of 6°5 is chosen, because at this pH the amount of free bismuthiol II 

minimum, and EDTA can mask the metals more effectively than in a more 


olour development 


ig. 6 shows that the formation of the extractable reaction product 


min in order to obtain constant absorbance. It is believed that 








the reaction of tellurium with bismuthiol II is a slow process which is similar to that of 
selenium with diaminobenzidine at pH 2-3. In the reaction of tellurium and bis- 
muthiol II, some unextractable intermediate products may be formed in less than 20 
min. 











Effect of time on solvent extraction, no (NH,).SOj. 
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Effect of time of shaking 

Fig. 7 shows that a minimum of 4 min of extraction time was required to obtain 
maximum extraction in the absence of sulphate. It was later found that the rate of 
extraction can be increased by addition of large amounts of sulphate. Extraction for 
| min with 3 g of ammonium sulphate gave slightly better extraction than extraction 
for 5 min without ammonium sulphate. Neither ammonium nitrate nor magnesium 


sulphate was as effective as ammonium sulphate in acting as a salting-out agent 


Beer’s law and sensitivity 


As indicated in Fig. 8, Beer’s law is followed for both calibration curves in the 


range 5-50 wg of tellurium in 10 ml. It was also found that from 5-100 ug of 


5 Calibration curves 

I—aqueous solution 395 my 
hloroform extract, 335 mu, 5 min, no (NH,),.SO 
chloroform extract, 335 my, 1 min, 3 g (NH,).SO, 


tellurium in 10 ml of aqueous solution also followed Beer’s law. The absorptivity 
was found to be 28,000 at 335 mu and 14,700 at 395 my. The sensitivity was found to be 


0.0005 ug of tellurium per cm? at 335 mu and 0-009 wg of tellurium per cm? at 395 mu. 


Stability 

The coloured product in chloroform was found to be stable for at least 24 hr. For 
the aqueous solution procedure, polyvinyl alcohol was used for preventing the forma- 
tion of a precipitate. No appreciable turbidity was found after | hr. Turbidity may 


occur, however, after several hours. 
Solvent extraction 


Of the common solvents tried, chloroform and carbon tetrachloride were most 
satisfactory for extracting the coloured product of the reaction between tellurium and 
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bismuthiol II (Table IL). Isoamyl alcohol or hexanol extracted the yellowish com- 


pound, but the extract was turbid, and it was difficult to remove the white colloidal 


TABLE Il DIFFERENT SOLVENTS 


20 wg Te in 10 ml 


A bsorbance, 
Remark 


335 mu 


0-430 Clear 
0-430 Clear 
0-005 Turbid 
0-005 Turbid 
0-050 Yellow and turbid, 
including the reagent 
blank 


of salt such as ammonium chloride or potassium sulphate helped the ex- 


1exanol, and 4-methyl-2-pentanone. 


particles in the extract by filtration or centrifugation. The chloroform extract was 
clear. It was probable that the alcohol reacted with bismuthiol II to liberate colloidal 
sulphur. 

From Fig. 5 it can be concluded that the extraction must be carried out at pH 5 
\ similar explanation to that in the case of the extraction of piazselenol may be 
proposed. The reaction between tellurium and bismuthiol II in acidic medium may be 
written as indicated in Fig. 9. 

The dissociation constant, k, for equation (1) is 6 10-%.* The concentration of 
Te** ion is small at pH 2, but the tellurium bismuthiol Il compound is a very stable 
one. In the presence of bismuthiol II the reaction in equation (1) moves from left to 
right. It would be expected in such a case that complete reaction needs a large excess 
f bismuthiol If and a long time for development. As shown in equation (2), the 
charged complex of tellurium and bismuthiol II is formed in acidic medium and its 
extractability depends upon the number of charges. The uncharged complex shown in 
equation (3), formed at pH 5, is easily extracted by chloroform. At pH 3, the 
acidity is not strong enough for the reaction in equation (1) to proceed from left to 
right, and therefore no Te** ion is available for formation of the complex of tellurium 
bismuthiol II. This explains that at first a pH of approximately 2 is required to ensure 
the reaction of free tellurium ion with bismuthiol II; once the tellurium bismuthiol II 
complex has been formed, it can be extracted by adjusting to pH 6-7 in order to 
neutralise the positive charges of the complex. In alkaline medium, the tellurium 
bismuthiol If complex may gradually decompose in favour of the formation of tellurite. 


Selectivity 

Bismuthiol II reacts with many metals. Some of them may be masked by EDTA 
and citrate, which also prevents the hydrolysis of heavy metals. The interferences of 
iron!!! and copper are serious and cannot be masked by EDTA. Besides, strong 
oxidising agents react with bismuthiol II in a manner similar to tellurium. Large 
amounts of arsenic!!! give a white precipitate with the reagent and interfere at 335 mu. 
Since many methods are available for separating tellurium from other elements, 
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HTeO ,+4H™ 


N 


Bismuthiol! 








Acidic medium 








Neutral medium 
Fi 
especially from selenium, it is better to separate tellurium from the others by co- 


precipitation with selenium in the elemental form. Selenium may be separated by 
bromine-hydrobromic acid evaporation or by diaminobenzidine. Many separation 


methods have been reviewed by Johnson.” 


Interference studies 

The metals interfering with this method have been described previously. Traces of 
iron and copper interfere. EDTA could not completely eliminate their interferences, 
since they still react with bismuthiol II at pH 2-2 in the presence of EDTA. Although 
they do not react with this reagent at pH > 6, the bismuthiol II complexes of iron and 
copper are not easily decomposed by EDTA at pH 6. Cyanide failed to mask copper 
at pH 2:2 but is effective at pH 6:5. Large amounts of arsenic!! give a white precipitate 
with the reagent at pH 2:2, and interfere at 335 mu. Selenium reacts similarly to 
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tellurium and must be removed before determination. Reaction of bismuth or 
lium with the reagent was not completely masked by EDTA at pH 2:2 but their 

Il complexes were easily decomposed by EDTA at pH 6°5. Therefore 

nts of bismuth or cadmium can be tolerated. The results of determining 


presence of foreign ions are shown in Ti ble III. In general, it is 


II] DETERMINATION OF TELLURIUM IN PRESENCE OF FOREIGN IONS 


rELLURIUM TAKEN: 20-0 ng 
it added Tellurium found, 


0-05 m mole 20-0 
0-001 m mole 20 


19 


20-1 
20 

24:0 
20-7 
20-4 
20-0 


ided that tellurium be separated from other interfering elements before 
» bismuthiol Il. Ferric hydroxide and aluminium hydroxide have been used 
x agents for separating tellurium in its elemental form. Since beryllium 
react with bismuthiol Il and EDTA, it would be advantageous to use beryl- 
xide as a collecting agent in the presence of EDTA. If selenium is also 
selenium and tellurium are separated along with beryllium hydroxide. 

tes are then treated with bromine and hydrobromic acid to remove 
he bismuthiol Il method is then followed. An attempt was made to 
tellurium from iron by a Dowex 50 cation-exchanger (hydrogen form); it 


1d that both iron and tellurium were absorbed by the resin. Chloride, bromide, 


late, nitrate, and phosphate do not interfere. 


1 of tellurium in selenium 

interesting to determine traces of tellurium in selenium because not 
only selenium in general interferes with the methods for tellurium but also it is a good 
co-precipitating agent for separating traces of tellurium. For employing the proposed 
method, selenium must be removed before determination of tellurium. Bromine and 
hydrobromic acid have been used for removing selenium.’ A study was made to 
test the feasibility of the bromine-hydrobromic acid method to remove large amounts of 
selenium in the determination of traces of tellurium. 

Synthetic mixtures containing 1-2 mg of selenium and 0-40 yg of tellurium were prepared. To the 
mixture (5 ml) in a 100-ml beaker was added 0-5 ml of redistilled hydrobromic acid. Some bromine 
vapour was introduced. The mixture was evaporated on a hot plate at 100° or in a water bath. After 
drying, the operation was repeated three times by the addition of 1 ml of hydrobromic acid (rinsing 
down the side of the beaker) and the introduction of bromine vapour. Finally, the residue was baked at 
100° for 10 min in order to expel any traces of bromine and hydrobromic acid, which also react with 
bismuthiol Il. The beaker was cooled, 1 ml of 1M citric acid, 6 ml of ammonium sulphate solution, 
20 ml of water, and 3 ml of 1° bismuthiol II solution were added. The solution was set aside for 
20-30 min, and then extracted with 10 ml of chloroform, after adjusting the pH to 6-5. The results 


shown in Table III are excellent. 
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If high sensitivity is not required, after removing selenium the tellurium may 


simply be determined in aqueous solution instead of using solvent extraction. The 
excellent recovery of traces of tellurium suggests that selenium can be used to collect 
traces of this element and thus separate it from others. No loss of tellurium was 
noticed during volatilisation of selenium with bromine—hydrobromic acid. 


TABLE IV DETERMINATION OF TELLURIUM IN MIXTURES OF SELENIUM-TELLURIUM 
AFTER VOLATILISATION OF SELENIUM AS BROMIDE 


Tellurium found, ug 
Tellurium present, jug 


* 


Se added 7 Se added? 
none 
20-0 
30-0 
40-0 


* Chloroform extraction procedure 


Aqueous solution procedure 


For 30-0 ug of tellurium without addition of nium, recovery of 30-0 wg of tellurium was obtained in 
both aqueous and chloroform procedures 


Composition of compound 


The Job’s curves shown in | ig. 10 obtained in aqueous solution at 395 mu indicate 
that a complex of | tellurium:4 bismuthiol II was formed. It was thought that the 








Fic. 10.—Job’s curves (total concentration 3: 10°-* M. I, 400 my: II, 420 my.) 


reaction between tellurium and bismuthiol II might be a redox reaction. In order to 
confirm the presence of tellurium, the precipitate was dissolved in a dilute potassium 
hydroxide solution using heat. The solution was adjusted to pH 8 with hydrochloric 
acid and sodium carbonate. Small amounts of EDTA and cyanide were added, 
followed by | ml of 1% sodium diethyldithiocarbamate solution. The chloroform 
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lecomposed with a mixture of nitric acid and perchloric acid and then 
liethyldithiocarbamate in the presence of EDTA and cyanide. Tellurium 
the precipitate and the chloroform extract. It is known that the 

hiol Il complex has a | : 2 composition’® and the bismuth bismuthiol! 


al: 3 composition.” The tellurium bismuthiol Il complex would be 


have a composition of 1 : 4. Based on the presence of tellurium in the 


>t, the Job’s curves, and the fact that tellurium has less tendency to be 


lurium bismuthiol Il complex may be presumed to be a salt, 


The Job’s curves also show that complexes with 


iL 


so be formed when tellurium Is 1n excess. 


he Studie der Reaktion zwischen Tellur und Bismuthiol 

Reaktion zur Bestimmung von Tellur sicherzustellen 

Die gelbe Verbindung entsteht bei pH 2-2:2, ist stabil 

als 5 quantitativ extrahiert. Zwei Methoden werden 

bei einem Absorptionsmaximum bei 395 my, 

weite Methode ist selektiver und empfindlicher 

cht, wenn ADTE und Zitrat als Maskierungsmittel 

rch Quecksilber, Eisen, Kupfer und Selen sind schwer. Beryllium und 
rwend re um Tellur abzutrennen, wenn ADTE gegenwartig ist 
1 Behandlung mit Brom und Bromwasserstoffsaure zu verfliichtigen 
st 28,000 bei 335 my und die Empfindlichkeit bei derselben Wellenlange 

st 0.005 
Resume photometrique de la nouvelle réaction tellure- 
Le mécanisme de la réaction est disucté. Le com- 

ible et extrait quantitativement par le chloroforme 

‘ammonium augmente la vitesse de l’extraction 

solution aqueuse avec un maximum d’absorption a 

avec un maximum d’absorption a 335 mu. La technique par 

méthode plus sélective et plus sensible. De nombreux ions courants ne génent pas 
EDTA et le citrate comme agents complexants. Le mercure, le fer, le Cuivre et 
sérieusement. Le béryllium ou le sélénium peuvent étre utilisés comme agent 
d’EDTA pour la séparation du tellure. Le sélénium peut €tre séparé par 

rome le acide bromhydrique Les valeurs respectives suivantes ont été 


et la sensibilité de la réaction: 28.000 et 0,005 ug de tellure par cm* 
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Zusammenfassung—Es wird eine neue allgemein anwendbare Methode zur polarimetrischen Bestim- 
mung von optisch inaktiven substanzen beschrieben. Zu diesem Zweck wird das betreffende lon (im 
Falle einiger Kationen nach vorherigem Anionisieren) mit Hilfe eines optisch aktiven Reagenz gefallt 
oder in eine Komplexverbindung tibergefiihrt. Das Reaktionsprodukt wird isoliert, gelést und 
polarimetriert. Als Beispiel wird die Bestimmung des Quecksilbers erlautert. Das Hg?* -lon wird mit 
Hilfe von Kaliumjodid in Tetrajodomerkuriat tibergefiihrt und dann mit einer Chininmonochlorhy- 
dratlésung gefallt. Der filtrierte und gut gewaschene Niederschlag wird in Aceton gelost und die so 


erhaltene Losung bei Zimmertemperatur polarimetriert 


IM folgenden wird eine neue polarimetrische Methode zur Bestimmung optisch in- 


aktiver Ionen beschrieben. 
Dieser Methode k6nnen folgende allgemeine Reaktionen zugrunde liegen: 


(1) 
(2) 
(2’) 


A ein zu analysierender Stoff; Ra ein optisch aktives Reagens (Kation, Anion 
oder ein Komplex—bzw. Chelatbildner); Ca eine leicht oder schwerlésliche optisch 
aktive Verbindung: Salz oder Komplex; R; ein optisch inaktives einfaches Anion 
oder eines, das Chelate zu bilden fahig ist; C ein optisch inaktives Anion oder 
Kation; R,’ ein optisch aktives Kation oder Anion; Da eine schwerldsliche, 
optisch aktive Verbindung. 

Falls ein Niederschlag entsteht (Da u. Ca), wird dieser abfiltriert, vom Ra- oder 
R,’-Uberschuss durch Waschen befreit, gelést, in einen Messkolben gebracht und 
polarimetriert. Der Niederschlag kann auch durch Extraktion abgetrennt werden, 
selbstverstandlich unter der Voraussetzung, dass nicht auch ein Teil des optisch 
aktiven Reagensiiberschusses (Ra bzw. Ra’) extrahiert wird. 

Falls eine lésliche optisch aktive Verbindung entsteht (Gleichung 1), wird diese 
durch Extraktion getrennt, in einen Messkolben gebracht und polarimetriert. 

Das Lésungsmittel wird so gewahlt, dass es keinerlei Einfluss auf das Drehungs- 
vermégen der optisch aktiven Verbindung haben kann. 

Die Methode ist allgemein anwendbar, ist leicht auszufiihren und weist gegeniiber 
der kolorimetrischen den Vorteil einer linearen Abhangigkeit des Drehungsvermégens 
von der Konzentration—wie sie ein Gesetz vom Typ Bouguer-Lambert-Beer fordert 
in viel weiteren Grenzen auf. 
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Vor allem ist die Bestimmung von Anionen nach vorhergehender Fallung mit 


organischen optisch aktiven Basen sehr bequem. 
Die Kationen werden zuerst in negative Sdurekomplexe tibergeftihrt und dann mit 


optisch aktiven organischen Basen gefallt. 
Als Fallungskationen kann eine optisch aktive organische Base bzw. ihr Salz 
(Chinin, Codein, Morphin, Cinchonidin, Cinchonin, Conchinin, Nicotin, Thebain, 


Strychnin, ua.), oder ein optisch aktives Oniumsalz (Tetralkylammonium, Phos- 


Arsonium, Sulfonium, usw.) beniitzt werden. 

Methode kénnen nachstehende Ionen bestimmt werden: 
Cd**, Hg** nach vorangehender Uberfiihrung in lodokomplexe; 
Cu** nach Uberfiihrung in Cyanokomplexe; Hg*®* in Form von 
nach Uber- 


phonium 

Anhand diese1 Hetero- 
polysauren; Bi’ 
Cd* 

nach Uberfiihrung in Thiocyanatokomplexe; Au**, Pt* 


komplexe; UO,** als Salicylatkomplex; MoO,?-, WO,?-, [-, Br 


mit Stoffen von grossem molekularen Drehungsvermégen. 


‘trieren im Spektralgebiet grésster molekularer Drehung des aktiven 
weckmiassig die Rotationsdispersion jedes zur Fallung benutzten 


1 Apparats, z.B. eines photoelektrischen Spektral- 


nutzung eines objektiven 


Heranziehen des Faraday’ schen Effektes durch Kompensation der Drehung 
magnetischen Feldes und Bestimmung der erforderlichen Stromstarke. 
Arbeitsweise sei die Bestimmung des Quecksilbers be- 


es 


lustration dieser 


(2') und zwar fiihrt man das 


Methode beruht auf den Reaktionen (2) u. 
liber, der dann 


Hg**-lon zuerst mit Hilfe von Kaliumjodid in den Komplex [Hg,}° 
mit einem organischen optisch aktiven Kation (Chinin) bei Zimmertemperatur gefallt 
wird. Nach Abfiltrieren des Niederschlages und entfernen des Chininchlorhydrats 


durch griindliches Waschen, wird er in Aceton gelést. Man polarimetriert dann die 


1ische Lésung des Chinintetraiodomerkuriates. 


ARBEITWEISI 


Die 10-300 mg Hg enthaltende Lésung (héchstens 100 ml) des Merkurisalzes wird mit einer 2°, 
gen wasserigen KJ-Lésung tropfenweise bis zum Lésen des HgJ,-Niederschlages, versetzt. Das 


gebildete [HgJ,]*- -Anion wird dann mit einer 5 °%-igen Chininmonochlorhydratlésung im Uberschuss 


bei Zimmertemperatur gefallt 


Es bildet sich Chinintetrajodomerkuriat (Co»H2,O2.N.) [HgJ,]. ein 
Sduren schwer léslicher) Niederschlag, den man abfiltriert und mit kaltem Wasser 5—6 mal 


weisser (Il 


wascnt 


Der vom Chininiiberschuss befreite Niederschlag wird auf dem Filter in Aceton geldst und die so 
erhaltene Lésung in einem Messkolben (100 ml) aufgefangen. Man wascht das Filter gut mit Aceton 


und fiillt den Kolben mit Wasser bis zum Marke auf. Die acetonisch Lésung des Chinintetrajodo- 


nerkuriats wird bei Zimmertemperatur polarimetriert. 
Wir fanden, dass weder eine TemperaturerhOhung von 20° bis 50°, noch das Verhaltnis Aceton: 


Wasser noch das Ansduren der Lésung mit HCl, einen Einfluss auf den Rotationswinkel haben. 
Es wurde mit einem Lippich-Halbschattenpolarimeter mit Na-Lampe gearbeitet, das eine Gen- 


auigkeit von 36” (1°/100) erlaubte, die Rohrlange betrug 20 cm. 





Bestimmung von optisch inaktiven Ionen 


Eine Bestimmung dauert nicht langer als 30 min. 


Die Messergebnisse sind in Tabelle I und Figur | wiedergegeben. 


TABELLE | 


2°51°36 


mg Hg/100 ml 





| | cS 
120 160 200 


Fic. 1. 





Nach Verarbeitung der Ergebnisse der 11 Bestimmungspaare mit Hilfe der Methode 
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der kleinsten Quadrate, wurden die Koeffizienten Ay und A, der Gleichung y Ay 
Ax. die zur Berechung der Quecksilbermenge (in mg) dient, aus dem Rotations- 


iL 


winkel x (in 1/100° ausgedriickt) berechnet. Man erhalt die fiir die obigen Arbeits- 
Funktion y 7,1 1,.433x = mg Hg/100 ml. 


the determination of optically inactive substances is described 


after anionisation (in the case of cations), is precipitated, or 1s 


ally active reagent. The reaction product is dissolved 
he ion Hg?* is converted by means of potassium iodide 


solution of quinine hydrochloride. The 


the rotation of the resulting solution is 


Resumé tances Optiquement inactives est basée sur 


lation en anions) par un agent complexant 


ytatoire est déterminé. Les 


transformé au moyen d’iodure de 
yité par du chlorhydrate de quinine. Le pre- 


oir rotatoire est détermine a la temperature 
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SEPARATION AND DETERMINATION OF SCANDIUM 
USING N-BENZOYLPHENYLHYDROXYLAMINE* 


I. P. ALIMARIN and TZE YUNG-SCHAING 
M. V. Lomonosov, Moscow State University, Moscow, U.S.S.R 


(Received 19 October 1960 ccepted 21 November 1960) 


Summary—Scandium may be determined using N-benzoylphenylhydroxylamine, which precipitates 
a complex containing scandium and reagent in the ratio 1:3. This precipitate may be utilised for 
the gravimetric determination of scandium by conversion to Sc,Q, at 600°. It is possible to separate 


scandium from zirconium, titanium and the rare earth elements by extraction 


THE analytical reactions of scandium have not been studied to any great 
extent.' For its separation from other elements and quantitative determination 
several inorganic precipitants have been recommended, e.g. hydrofluoric, fluorosilicic, 
pyrophosphoric, hypophosphorous acids, efc. Organic precipitants for scandium have 
been less studied. For the separation of scandium from other elements, ion-exchange 
chromatography and extraction with organic solvents have been used. 

In the present work to select new reagents for scandium, the similarities with the 
quadrivalent elements zirconium, hafnium and thorium, brought about by the close 
values of the ionic radii of these elements, have been taken into account. As an 
analogue for cupferron, N-benzoylphenylhydroxylamine was used. This is a reagent 
for the determination of titanium, vanadium, molybdenum, niobium, tantalum and 
other elements. Our experiments showed that in a strongly acid medium N-benzoyl- 
phenylhydroxylamine precipitates zirconium quantitatively and, in a weakly acid 
medium, thorium and scandium. The conditions for the precipitation and extraction 
of the N-benzoylphenylhydroxylaminate of scandium and the composition of the 
precipitate were determined. Examples of the separation of scandium from zirconium 
and the rare earth metals are given here. 

The N-benzoylphenylhydroxylamine reagent was synthesised by Shome’s method? 
and the scandium chloride solution was prepared by dissolving spectrally pure 
scandium oxide in the minimum quantity of concentrated hydrochloric acid with 
continuous careful heating until the cloudiness disappeared. The solution obtained 
was evaporated almost to dryness, and the residue was dissolved in the necessary 
volume of water. The titre of the solution was determined by precipitation of the 
hydroxide with ammonia and weighing as Sc,O,. For complete precipitation of the 
scandium it is necessary to add a small excess of reagent and keep the pH >5:2. 
rhe results of quantitative determinations of a pure scandium salt solution are shown 
in Table I. 

lo study the composition of the scandium N-benzoylphenylhydroxylaminate the 
precipitate was filtered off in a sintered-glass filter-crucible, washed with 50 ml of 
hot water and 30-50 ml of ether, then dried to constant weight at 105°-110°. Part of 


the precipitate was then heated to constant weight at 800°-900". The results showed 


Translated from the Russian, Zavodskaya Lab., 1959, 12, 1435. 
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TABLE | DETERMINATION OF SCANDIUM WITH 


N-BENZOYLPHENYLHYDROXYLAMINE 


Sc,O3, mg 
Found 


4-6: 
2:8; 


‘mical composition of the precipitate separating from a weakly acid 


sponds with the formula 


} 


O 


ibility of scandium N-benzoylphenylhydroxylaminate to heat we 
The precipitate was stable up to 


nogravimetric analysis (Fig. 1). 


et er he 


To used for weighing (Sc,Og3), the precipitate need only be heated 


to 600 

Scandiut 
of a solution containin 
ammonium acetate were added and a few ml of acetic acid (1:1), so that after precipi- 
After precipitation of the scandium, 


To 100 ml 


iy be separated from the rare earth elements as follows. 
solution of 


oO 


¥ scandium and rare earth elements 30 ml of a 20 


tation the solution pH should be about 5-4. 
ammonium was added to the filtrate and the precipitate of rare earth hydroxide was 
filtered off through a fine filter, dried and heated to constant weight at 800°-900". 


The results are shown in Table II. 
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TABLE II.—SEPARATION OF SCANDIUM FROM RARE EARTH ELEMENTS 





Taken, mg Found, mg 
~ Rare earths Sc,0, = Rare earths 


46 and 4-5 4:9 
46 and 4-7 29-6 and 29-5 


7.6 29-7 


1-8 79-3 


Zirconium in a strongly acid medium (3N hydrochloric acid) is precipitated 
quantitatively by N-benzoylphenylhydroxylamine, while scandium is not precipitated 
under these conditions. The separation of scandium and zirconium can be carried 
out using this fact. For this purpose a titrated solution of zirconium oxychloride was 
used. Firstly the zirconium was precipitated in a 2N hydrochloric acid solution. 
The filtrate was evaporated to about 100 ml and the excess hydrochloric acid was 
neutralised with ammonia, using methyl orange as indicator. The precipitation and 
determination of the scandium was carried out subsequently (Table III). 

Scandium N-benzoylphenylhydroxylaminate can be extracted with n-butyl alcohol, 
amyl acetate, benzene, chloroform and iso-amyl alcohol. To determine the con- 
ditions for extraction, a measured amount of scandium chloride solution from a 


TABLE III 


SEPARATION OF SCANDIUM FROM ZIRCONIUM 


Taken, mg Found, mg 


Os ZrO, 


pipette was introduced into a 30-ml separating funnel. This was diluted with distilled 
water to a given volume, then dilute hydrochloric acid or ammonia was added to give 
the required pH. An equal volume of reagent was then added, in iso-amyl alcohol. 
After shaking, the scandium which had passed into the organic solvent and that 
remaining in the aqueous phase were determined spectrophotometrically using the 
reaction with Alizarin Red-S. The effect of the organic substances was taken into 
account using the method of Eberle and Lerner.* 

To determine the amount of scandium extracted by the organic solvent two 
extractions were carried out, with shaking, using 5 ml of 1-2N hydrochloric acid. 


The aqueous phase containing the scandium was introduced into a 100-ml volumetric 


flask. To this solution a few ml of distilled water were added and 2 ml of a 0-:1% 
alizarin red-S solution, and the liquid was carefully neutralised with ammonia (1:3) 
until a red colour appeared. Then 5 ml of a 20% buffer solution of ammonium 
acetate (pH 3-5) were added, the solution was cooled to room temperature, and was 
diluted with water to an exact volume. The absorption was measured spectrophoto- 
metrically at 520 my in a 5-cm cell. The results obtained are shown in Figs. 2 and 3. 
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hydroxylaminate of scandium with various 


1zoylphenylhydroxylamine in iso-amy! alcoho 
tion equilibrium occurred quickly. Shaking for 4 min produced quantita- 
‘f the scandium. The presence of NH,*, Na*, NO,” and Cl ions 
- effect on the degree of extraction 


} 





; ! ' ? 
nydroxyliaminates oO 


Scandium xtractions 


>> Rare earth elements extraction. 


\ study of the extraction of the rare earth elements showed that at pH <5°8 


> not extracted (see Fig. 3, curve 2). This fact was used for separating them 


from the scandium at pH ~4-5. Our experiments also showed that the N-benzoyl- 


TABLE IV SEPARATION OF SCANDIUM FROM RARE EARTH ELEMENTS, 
ZIRCONIUM AND TITANIUM BY EXTRACTION 


Taken mg 
| ound, mg 
hs 


Sc.O Oxides of other metals 


0-025 > eartl 10 0-027 
0-025  e% 30 0-027 
0-050 ag 10 0-050 
0-050 - ei 0-051 
0-075 rr: 0-074 
0-075 z! 0-077 
0-025 ‘8 0-026 
0-050 . : 0-052 
0:075 ' 3: 0-075 
0-025 0-026 
0-050 0-053 





Separation and determination of scandium 321 


phenylhydroxylaminates of zirconium and titanium are extracted quantitatively in a 


strongly acid medium, with iso-amyl alcohol (for zirconium 1—8N hydrochloric acid; 
for titanium 5—10N hydrochloric acid), while the scandium is not extracted. A method 
for the separation of scandium from zirconium and titanium can be based on this fact. 
lo carry out this separation zirconium in 2N hydrochloric acid and titanium in 5A 


hydrochloric acid were extracted twice (5 ml) with a 3° solution of V-benzoylphenyl- 


hydroxylamine in iso-amyl alcohol. The results are shown in Table IV. 


Zusammenfassung—Scandium kann mit n-Benzoylphenylhydroxylamin als ein Komplex gefallt werden, 
der Metall und Reagens im Verhaltnis 1:3 enthalt. Scandium wird gravimetrisch bestimmt; nach 
Verglihen zum Sesquioxyd bei 600°C. Die Trennung des Scandiums von Zirkon, Titan und seltenen 


Erden mittels Extraktionsmethoden ist méglich 


Résumé—Le scandium peut étre précipité par la n-benzoylphénylhydroxylamine sous forme d’un 
complexe contenant scandium et réactif dans le rapport 1/3. Ce précipité peut étre utilisé pour le 
dosage gravimétrique du scandium pal transformation en SC.O, a 600 Il est possible de séparer 


le scandium du zirconium, du titane et des terres rares par extraction 
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Summary—A method for the determination of manganese in cast iron and high-alloy steels has been 
oped. Self-shielding errors and neutron flux irregularities were avoided by the use of an internal 

' lwo procedures, integral counting and pulse height discrimination were used. The method 

) standard samples. The results obtained on samples with a widely differing composition 


rreement with those obtained by classical chemical analysis 


INTRODUCTION 
N analysis with thermal neutrons is not only capable of high sensitivity for a 
ber of elements, but also allows accurate determinations as a non-destructive 
analysis. This was clearly demonstrated by several authors, among them 
t al.,'~* who determined vanadium and tungsten in high alloy steels using an 
internal standard technique 
In this paper an investigation of the direct determination of manganese in cast iron 


high-alloy steels without chemical separation is described; iron or other long 


living species present in the high-alloy steels were used as internal standard. 
t in the high-alloy steels were used as internal standard 


As manganese has a quite large cross-section for thermal neutrons and a rather 


short half-life, high disintegration rates can be expected even after short irradiations at 
a moderate neutron flux. 

Several authors have already determined manganese by activation analysis, 
namely Bowen! in biological material, Daudel? in aluminium alloys and Fisher et al.® 


in cobalt samples. 


NUCLEAR DATA 
Natural manganese occurs as the single isotope *°Mn and gives rise to only one 


radioactive species, °*®Mn, a complex /-y-emitter with 2-58 hr half-life, activation cross- 


section 13-4 barn. The decay scheme’ is given in Fig. 1. 


Decay scheme of °*Mn. 
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Interfering activities arising from steel constituents 
It is obvious that by thermal-neutron-activation of cast iron or high-alloy steels a 


large number of radioactive species can be formed, as appears from Table I. 


TABLE | RADIOACTIVE SPECIES PRODUCED FROM CAST-IRON OR STEEL CONSTITUENTS 





Natural Isotope — 
Element in steel GO . Cast , Radiation and energy 
isotope produced o- 


4-5 
0-1 as | 0-68 

up to 50 i 0-007 
0-30 d ar } 3 0-04/0-9 
up to 45 | 5m 0-058 

seldom 2 J- 2:2/1-2 0:96 


0-25-1°3 n 3 5 3- 2-86/1-05/0-75 


up to 40 64 i 59 | j- 2-09 

0-1 BCy ACY . EC 

seldom 2 ? I 3- 1-23/0-45/0-2 
0-74/0-18/0-14/0-78/0-36 
0-32 

0:0026 ( d 3- 0-26/0-46 

21 dk i- 0 


34 ( 3- 0-309/1-48 


- 
s 


3/1-1 


t is, however. possible to correct for these interferences by an ilysis of the com- 
posite decay curve. 

After irradiation runs of approximately 10 min, integral y-counting was started 
after 4 hr, so that short living species such _—vV, Cu, “Ti, *"Nb, ©™Co, ™™Mo 
have completely decayed. 

rhe other radioactive species which can be expected in high-alloy steels have half- 


lives considerably larger than °*Mn so that an analysis of the decay curve causes no 


serious problem. Exception should, however, be made for ® Ni, with a half-life practi- 


cally identical with that of °°Mn. The excitation cross-section of ®4Ni is, however, 
quite small (0-03 barn) and in 56% of the disintegration mode no y-rays are emitted. 
Experimental results showed that a Ni: Mn ratio of 10 will cause an interference of 
only 0-1 %. 

Interfering activities due to the steel constituents can, however, be completely 
avoided by making use of a pulse-height discriminator set to count only y-rays with an 
energy higher than 1-5 MeV. This technique allows a specific counting of **Mn, as it 
is the only y-emitter present in high-alloy steels having an energy higher than this 
pre-set level. This counting technique makes analysis of the decay curve unnecessary, 


and thus avoids concomitant errors. 


Interference due to (n,p) and (n,«) reactions 

Interference from the **Fe(n,p)°*Mn reaction, because of the fast neutron flux in 
the reactor core, can cause an appreciable error, since iron is the main constituent. 
Although the cross-section of this reaction was determined by Mellish ef a/.,5> who 
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3 


reported a value of 0-44 millibarn, it seemed advisible to determine experimentally the 


reaction yield as a function of the cadmium ratio, the fast flux distribution in the BR-1 
reactor not being known with sufficient accuracy. The cadmium ratio can be regarded 
measure of the fast to thermal flux ratio. Cadmium has a cut-off value for neutrons 


asa 
with energy lower than approximately 0-4 eV. 

Samples of pure Fe,O, (Johnson Matthey) were irradiated in the reactor core 
(positions | and 2) and in the reflector (positions 3 and 4). The activities due to °*Mn 
and °*Fe were computed by analysis of the decay curve using a well-type scintillation 
counter. The cadmium ratios were determined with gold foils (200 mg/cm*) wrapped 
foil (thickness 0-75 mm). 
ts expressed as the °°Mn:°*Fe count rate ratio at a time t, (end of irradi- 


ratio are represented in Fig. 2 


tion as a function of cadmium ratio 
Reactor core 


Reflector 
nerical values of thermal and fast neutron fluxes available at the different sites, 


YASUI 


red specific activities of the manganese, are summarised in Table Il. The 


‘n are integral counting rates extrapolated at a time t, for an irradiation 


Interference from the **Co(n,«)*Mn reaction is also possible when irradiating in 
the reactor core, as cobalt can occur in large concentrations in high-alloy steels, 
although the cross-section according to Samsahl eft a/.® for the n,« reaction is only 
0-14 millibarn. 

lo determine the extent of this interference, the same technique was used as des- 
cribed for iron, using Co,O, (Johnson Matthey) as target material. After the decay of 
“Co, the activity of the Co samples was followed during several hours but no activity 


due to °®Mn could be found. 
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TABLE II 


counts °**Mn 





Cd counts °*°Mn counts °*Fe 
d ratio ———_—— 
min/mg Fe min/mg Fe counts °*Fe 


199 16 12-5 
12-7 


20-8 


13-5 


INTERNAL STANDARD ANALY 


Leliaert et a/.'~* have already shown that the use of an internal standard allows a 


correction to be made for self-shielding effects and neutron-flux irregularities. As the 


I 


neutron-flux gradient in the neighbourhood of site 4 is quite high, it seemed advisible 


to use this internal standard procedure. Manganese was therefore added to one of the 


two irradiated samples. The manganese content is given by 


A (Mn) 100 


Mn 
S, (Mn) 


A. (Mn) 


x being given by 


where 


a and b weight of samples | and 2 


Cc weight of manganese added to sample 2, 


A, (Mn) and A, ‘(Mn) net manganese activity of samples | and 2 respectively 
at time t, (end of irradiation), 
A, and A rest activity of samples | and 2 respectively at a time t after complete 


decay of the manganese activity. 


EXPERIMENTAI 


Procedure by integral countir 

Two steel samples of approx 300 mg are accurately weighed. With one of the samples a known 
amount of approx. 5 mg of manganese (as MnAc,-4H,O) is homogeneously mixed. The samples are 
pressed in pellets of 5-5 mm diameter and a thickness of approx. 3 mm. 

The samples are irradiated in the reflector of BR-1, site 4, during a 10-min period. Integral count- 
ing, using a well-type Nal(TI) crystal is started 4 hr after the end of the irradiation. Counting time 1s 
| min with 30 min intervals. About 24 hr after the end of the irradiation the manganese activity can be 
considered as negligible, allowing the computation of the correction factor « from the activity of the 


long living species 
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[wo typical decay curves (235/I 18-8 and 155) are given in Fig. 3, from which it 
appears that the analysed half-life of °*Mn is in good agreement with the expected 


~ 


value of 2: Y 


nber of British Chemical Standard and National Bureau of Stand- 
-d in Table III. 
that the results obtained by activation analysis are in 


with those obtained by careful chemical analysis, giving approx- 


nples prepared as described above were measured with a well-type Nal(Tl) crystal coupled 
pre] : ; 


sht discriminator and counter. The pulse height discriminator was set to measure only 


gamma’s with energy higher than 1-5 MeV. In this condition °**Mn is measured specifically in the 
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TABLE III.—ACTIVATION ANALYSIS OF Mn 





Sample Mn given 


SS 235/1 0-60 0-017 
NBS 155 1-25 0-015* 


0-01 
0-004 


0-03 


NBS 101d 


°” Mn found 


(18) 


0-027 (16) 


0-008 (12) 


0-014 (9) 


Bismuthate m 
Persulphate f 
Number of analy 
BCS 235/I: 1 
NBS 155: 0:485 
NBS 101d: 18-68 


presence of the other activated steel const irs from the 

different standard steels (see Fig. 4) 

About 24 hr or more after the en the cort 
: 


ection factor 
ral count-rate of tl! 


Fic. 4.—Decay curves of °**Mn. 
PMA 266 : 2 hr 
NBS 155 1/2 2 hr 
NBS 101d: 


2 min 
2 min. 
min. 


4 
. 
4 
27 


5 hr 


urves obtained from 


s computed from the 
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esults of a series analyses of NBS steel 101d (Mn 0-739°,,; Cu 0-184%; Ni 
18-68°,: V 0:049°°: Mo 0-11%; Co 0-058 %) are represented in Table LV. 


ACTIVATION ANALYSIS OF NBS STEEL 101d 


1-071 
1-486 
0-928 
1-193 
1-09] 
1-512 


0-944 


Stand. dev 


Although all samples were irradiated simultaneously in the Lucite container 


illustrated in Fig. 5, it appears that a considerable variation in the correction factor 


occurs, since it varies from 0-5 to 1°5. 


Results of the analyses of other steel standards are represented in Table V, giving 
evidence that the method is applicable to widely varying steel samples. 

rhe results of Table V appear to have the same accuracy and precision as those 
obtained by integral counting. In fact, for small manganese contents the standard 


errors are not larger than those computed from the certificates. 
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Sample *%% Mn given Mn found 


BCS steel 266 PMA 
Co: 23-4% Ni: 13-3 : aH 0:27 0-012* 2 0-005 (9)* 
Ce 2S See ee: 

BCS stee 
cat Z 
Cu: 3 

NBS 155 
Cr: 0-485 ; 5 : 0-015 

0-050 (20) 
0-01 

NBS 101d 
Cr: 18-68° Ni: 9-05 73 0-004 0-746 0-021 (16) 

BCS cast iron 149 
S: 0-011 P: 0-010 0-023 0-0018 0-025 0-001 (28) 


* Standard deviation from certificates 
Number of analyses in brackets 


Zusammenfassung—Neutronenaktivierungsanalyse wurde zur Bestimmung von Mangan in Gusseisen 
und Stahlen herangezogen. Selbstabschirmung sowie irregularer Fluss der Neutronen wurden durch 
Verwendung eines internen Standards als Fehlerquellen ausgeschaltet. Zwei Methoden, integrale 
Zahlung und Messung der Impulsstarke wurden angewandt. Resultate an Proben mit weit wechselnden 
Mangangehalten, zeigten vorziigliche Ubereinstimmung mit denen nach klassischen, chemischen 
Methoden erhaltenen 


Résumé—Les auteurs ont mis au point une méthode d’analyse par activation pour le dosage du man- 
ganése dans la fonte et dans les aciers spéciaux. Les erreurs d’auto-protection et les irrégularités du 
flux de neutrons sont évitées par l’utilisation d’un étalon interne. Deux procédés sont utilisés: comp- 
tage intégral et mesure de la hauteur des impulsions. La méthode a été essayée sur des échantillons 
étalons. Les résultats obtenus sur des échantillons avec une composition trés différente sont en trés 
bon accord avec ceux obtenus par l’analyse chimique classique. 


REFERENCES 


1G. Leliaert, J. Hoste and Z. Eeckhaut, Talanta, 1959, 2, 115 
2 Idem, Analyt. Chim. Acta, 1958, 19, 100 
Idem, Nature, 1958, 182, 600 
*H. M. J. Bowen, Nuclear Energy, 1956, 3, 18. 
P. Daudel, Analyt. Chim. Acta, 1957, 5, 426. 
°C. Fisher and J. Beydon, Bull. soc. chim., France, 1953, C, 102. 
’ D. Strominger, J. M. Hollander and G. T. Seaborg, Rev. Mod. Phys., 1958, 30, 628. 
*C. E. Mellish, J. A. Payne and R. L. Otlet, Radio Isotopes in Scientific Research, Vol. 1. UNESCO 
Conference, Paris, 1957. 
* K. Samsahl and E. Saeland, Joint Establishment for Nuclear Energy Research, Lillestrom, Norway. 
JENER Report 23 





Northern Ireland 


SPECTROPHOTOMETRIC DETERMINATION OF 
PALLADIUM WITH NITROSO R-SALT 


JACOB SHAMIR and AVRAHAM SCHWARTZ 
Department of Inorganic and Analytical Chemistry 


The Hebrew University of Jerusalem, Israel 
1960: Accepted 29 December 1960) 


Summary pectrophotometric determination in the visible light 
e ibsorbance of the red organo-palladium complex is 
2:6. The colour reaction is instantaneous, and 


The tolerance to a number of 
ith j 


+1 “o > > f y ] ‘ 
nined, even in the presence of gold, with good 


ind obeys Beer’s law 


INTRODUCTION 


arious procedures for the spectrophotometric determination of palladium, 


d proposed by Cheng! using 2-nitroso-l-naphthol seems to be a relatively 
lhis method, however, requires the extraction of the palladium complex 


It seemed to the authors that in order to avoid the extraction step a 


ative of a similar compound could be used for such a procedure. It is 


‘f this paper to present such a method, using nitroso R-salt (sodium 


-naphthol-3.6-disulphonate) 


EXPERIMENTAI 


measurements were with a Beckman spectrophotometer model DU, using 
1 Corex cells 
glass electrode pH meter model 100 


l¢ 
vere made with a Photovolt 


“ntc 


t, 002M aqueou Prepared from B.D.H. material. The solution is stable 


chloride (Fisher) was dissolved in 0:25M hydro- 
give a 0-01M solution of palladium 
Four analyses were in good agreement and gave an average 


Dry purified palladium" 
The standardisation was made gravimetrically 


th /-furfuraldoxime 
f palladium. The solution was then diluted with distilled water to 0-0002M or 21-34 


ilts were used to prepare solutions of the various other ions 


1 drop of the reagent solution to 1 drop of palladium solution causes a red 


once. In Fig. 1 the absorption spectra of the red coloured complex and of 


self are shown. The maximum absorbance of the complex is at 430 mu and there is a 


500-510 mu. Since the reagent itself has a significant absorbance at 430 mu we preferred 


1easurements at 510 mu where the absorbance of the reagent is negligible and a water 


rn 


tistactory 


The best results were obtained when acetic acid was present at 0-2M concentration and the pH 
was about 2:6 (Fig. 2, curve I). A calibration curve of smaller slope was obtained in the presence of 
hydrochloric acid at 0-01M concentration and the pH was about 2 (Fig. 2, curve II). In cases where 
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ule 


400 





m fd 


Spectrum of a solution of nitroso R-salt at a concentr 
6 10-4 M in water. Length of path, 0-1 cm 
Curve II: Spectrum of a solution of 1-0 ml of 0-0002.M PdCl, 2-0 ml of 0:0002 M 


nitroso R-salt 1-0 ml of 0-1M HCl 6-0 ml of water. Length of path, 1-0 cm 








— 


a 





= 

1.0 

m2 

Fic. 2.—Curve I: Calibration curve; absorbances of solutions with 1 ml of 0-002M nitroso 
R-salt 2 ml of 2M CH,COOH X ml of 0-0002M PdCl, (7-X) ml of water. 

Curve II: Calibration curve; absorbances of solutions with 1 ml of 0-002M nitroso R-salt 

1 ml of 0-1M HCl X ml of 0-0002M PdCl, + (8-X) ml of water 





0 
0 
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acetic acid might form complexes with other ions present it would be preferable to use hydrochloric 


use an excess of the reagent, since the absorbance of the solution is increased 


ncreasing the concentration of the reagent. For a sample solution of total volume 
1 1-0 ml of 0-:002M nitroso R-salt solution, and the amounts of palladium varied be- 


nd 2:0 ml of 0-:0002M solution 


nted two calibration curves. In curve I the pH is adjusted by using 2:0 ml of 
1 a sample of total volume 10-0 ml. The molar absorptivity is « 1-2 x 10% 
he pH is adjusted by using 1-0 ml of 0-1M hydrochloric acid in a sample of total 
rhe molar absorptivity in this case is « 1-1 10* 
obeyed over the concentration range tested, viz., up to 4-27 ppm of palladium, the 


7 ppm, which gives absorbances of 0-141 to 0-450 


d immediately and is constant when measured 15 min after preparation o1 


within 24 hr 


lhe interferences of platinum, rhodium, osmium and gold were checked. Solutions which contained 
3 ppm of palladium and 20 to 40 times as much of the above mentioned elements did not show any 

nce. However, the absorbance of the solutions containing HAuCl, changed 
me. Therefore, the absorbances had to be measured within 1 hr after preparing the 
ie best results were obtained when a blank solution, containing the same materials 
idium, was prepared simultaneously. By doing so the differential absorbance was 
a period of almost 2 hr. When other elements were present the absorbance could 

ven ilter ] day 
DISCUSSION 

rhe use of nitroso R-salt for the determination of small amounts of palladium has 


several advantages. The complex formed is soluble in water, and no extraction is 
required; the colour reaction is rapid and is stable; the stock solution is stable over a 
long period of time; the pH for maximum absorbance is easily controlled. It allows a 
high tolerance for several ions, and this is most important in the presence of gold, 


which, when using other methods, has to be removed before the determination of 


palladium. It is a rapid, sensitive, and precise method. Since the colour of the 


complex is red, the method can probably be easily adapted for colorimetric deter- 


minuone 
Zusammenfassung—Eine Methode zur spectrophotometrischen Bestimmung von Palladium(II) mit 
Nitroso-R-Salz im sichtbaren Bereich wird mitgeteilt. Die Absorption des roten Palladiumkomplexes 
wird bei 510 ma gemessen. Der optimale pH-Bereich ist 2-26. Die Reaktion verlauft momentan, die 
Farbe ist tiber Tage hinaus bestandig und Beer’s Gesetz ist erfiillt. Der Einfluss einiger lonen wurde 
studiert. Palladium kann selbst in der Gegenwart von Gold genau bestimmt werden. 


Résumé—Les auteurs donnent un apergu d’un procédé de dosage spectrophotométrique dans le 
visible du palladium II par le sel nitroso-R. L’absorption du complexe organique rouge du palladium 
est mesurée 4 510 mu; le domaine de pH le meilleur est 2-2,6. La réaction colorée est instantée, le 
plusieurs jours et obéit a la loi de Beer. La tolérance pour un 


complexe formé est stable pendant 
, le palladium peut étre dosé avec une bonne précision, méme en 


certain nombre d’ions a été établie 
présence d’or 
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Summary The results of investigations carried out by the authors in the field of ultramicroanalysis 


} - . > rp aa) > tad h > > i] if » / ) > h > . > > 
on the stage of a microscope are presented. The peculiarities of ultramicromethods are considered 


in detail, and the new techniques of experimentation in qualitative and quantitative ultramicro- 
analysis are described: electrolysis with platinum and mercury electrodes, potentiometric and ampero- 
metric titration, and separation of metals by means of ion-exchange resins. The results of the deter- 


mination of a number of elements by various ultramicroanalytical methods are given 


ULTRAMICROCHEMICAL analysis is a comparatively new development in analytical 
chemistry which enables the problem of investigating very small amounts of substance 
to be solved. 

There are now two trends in ultramicroanalysis, depending on the quantities of 
substance investigated, which determine the manipulative technique. On the one hand, 
simple mechanical devices are used when manipulating with volumes of n 10-3 ml, 
and the majority of chemical procedures are observed with the unaided eye or with the 
aid of a magnifying glass; on the other hand, with volumes less than 10~° ml, all the 
main chemical procedures are carried out on the stage of a microscope with the use of 
micromanipulators. The practical techniques of experimentation for the first trend 
have been developed by P. Kirk’s (U.S.A.), and I. Korenman’s (U.S.S.R.) schools. 

The most general apparatus for chemical experimentation on the stage of a micro- 
scope with the use of micromanipulators, and the technique of working, became 
known due to the work carried out by A. A. Benedetti-Pichler and his co-workers 
(U.S.A.). Later this trend has been fruitfully developed by C. L. Wilson’s (Gt. Britain) 
school. 

The aim of our investigations was the further development of the technique and 
methods of experimentation for this trend, to make possible the use on this scale of the 
most widely used methods of analysis. We considered it expedient to choose this 


particular trend for systematic study from the point of view of utilising more com- 
pletely the possibilities of the ultramicromethod for the investigation of small samples. 


PECULIARITIES OF THE ULTRAMICROMETHOD OF CHEMICAL 
ANALYSIS 
Chemical determinations with small amounts of material can be carried out by 
ultramicroanalysis, while maintaining the usual concentrations of the reacting 
substances, by decreasing the volume of the solution correspondingly. This results in 
the increase (in comparison with the macro method) of the relative surface of the 
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solution and the vessel, i.e. in the increase of surface per unit volume, owing to the fact 

that surface decreases to a lesser degree than volume. This is shown in Table I. 
Because of the relatively greater area of contact with the walls of the vessel, dissolved 

substances are adsorbed by these, and attack the walls to a greater extent than in the 

macro me 


TABLE I.—RATIO OF RELATIVE SURFACES 


Diameter Height Surface Volume 
7 Relative 


surface, 


of the of the of the of the 
vessel, vessel, vessel, solution, 


m cm cm cm 


4-0 4-0 62°5 50-0 


; > 20 
0-2 0-2 0-16 0-006 


When working on the ultramicro scale, the free surface of liquid is also relatively 
larger, because of the curvature of the meniscus in capillaries.’ So the speed of evapor- 
ation of solutions, which is directly proportional to the free surface of liquid, reaches a 
considerable value. Obviously, liquids moistening a capillary have a considerably lower 
vapour pressure in it than in wide vessels, because of the larger curvature of the 
concave surface. Nevertheless, the evaporation goes on much faster, since the relative 


increase of the free surface is considerably larger than the decrease of vapour pressure. 


For example, the free surface of liquid in a capillary of 0-6 mm diameter is not equal to 


0-3 mm?, as is the flat surface, but is about 0-6 mm*, whereas the vapour pressure above 
the meniscus of the corresponding curvature decreases only by 5%. In addition, the 
solution in a capillary is in considerably better condition from the point of view of 
heat transfer. In order to diminish the speed of evaporation of liquids from capill- 
aries, a method of working in a humid atmosphere is used; in this case the speed of 
evaporation from comparable volumes decreases by 10-15 times. 

Aqueous solutions of salts, having lower vapour pressure than water, evaporate, 
other things being equal, more slowly than water, but not to such a degree that the 
necessity of working in a humid atmosphere is eliminated. When working in a 

nosphere, the volume of saturated salt solutions increases because of the 
equalisation of vapour pressure in the system, Vapour above pure water (humid 
atmosphere)—Vapour above a saturated solution in a capillary. The hygroscopicity 
of the dissolved compound is also of importance. For example, comparable vol- 
a saturated calcium chloride solution in a humid atmosphere increase 

about 30 times faster than in a normal atmosphere. Therefore it is not advisable to 
work with saturated solutions of salts and concentrated acids in a humid atmosphere. 
itive increase of the surface of a liquid in comparison with its volume results 

‘ase of adsorption of substances from solutions and of the speed of evaporation 

as well as in an increase of surface tension, which reaches considerable values when 
working in capillaries. This must be taken into consideration first of all when the 
experimental technique for an ultramicromethod is being developed. On the one hand, 
the situation is more complicated because of the necessity of overcoming the surface 


1 


tension when the liquid is transferred from one capillary to another. On the other 
hand, this eliminates losses of the solution through spilling, and permits the exact 
measurement of solutions, because of the stable (within the limits of the speed of 


evaporation) position of the meniscus. 
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Solutions of salts, as is known, have a greater surface tension than water; the 
tension increases almost in proportion to the number of equivalents of the dissolved 
salt. The creeping of salts (for example, ammonium chloride), which is a serious 
hindrance when working in capillaries, can be explained by the increase of surface 
tension. 

Io eliminate, to a considerable degree, a number of the effects connected with the 
large surface of contact of the solution with the walls of the vessel, and with the use of 
capillaries, we suggest coating the walls of a micro vessel by a layer of an organosilicon 
compound. 

Che glass surface coated with a methylchlorosilane film is not moistened by watet 
| 


solutions: this makes possible manipulation with them witl 


When working with such vessels the titration error connected with the speed of the 


10ut washing the vessel 


tion flowing out of a horizontal burette is reduced to zero. 

[he hydrophobic surface is poorly moistened by water solutions because of the 
decrease of surface tension on the border between this surface and the solution. This 
is why such phenomena as the creeping of salts to the outside walls of capillary 
vessels, and of calomel micro electrodes, can be eliminated by making them hydro- 
phobic (Fig. Ia). 

[he free surface of liquid in capillary vessels treated with the solution of an organo- 
silicon compound decreases considerably owing to the flattening the meniscus 
(Fig. 1b). Because of this, the speed of evaporation from such vessels decreases consider- 


ably (approximately by 25°,). In addition, t 


1e measurement of volumes in burettes 
and vessels using the flat meniscus 1s more simple and accurate 


Owing to the greater value of the — ratio in the ultramicro method, special attention 


must be paid to the possibility of losing the substance by adsorption, even from 
solutions of usual concentration. Investigations carried out with radioactive isotopes 
showed that losses of substance by adsorption are considerably less when working in 
vessels with hydrophobic walls. 

Special consideration must be given to the problem of observation of the colour of 
solutions in coloriscopic capillaries.| A mean sensitivity for a number of colour 
reactions is 10 ml. In ultramicro methods (with volumes of 107% tml) 


19 


the sensitivity may be as high as 10-** g. 


Assuming that the Bourguer-Lambert-Beer law, E£ kel, is valid for immeasur- 


ably small concentrations of substance, a minimum concentration for a certain reaction 
should be quoted only in a layer of a given thickness. Only in this sense has the notion 
of “‘minimum concentration” a precise meaning. 

For a given coloured substance (K const.) the product c/ E is constant. 
It follows that the minimum concentration value is determined by the nature of the 
coloured substance and the chosen length of the light path; it does not depend on 
other values, in particular, on the cross-section of the layer of liquid. 

The sensitivity of a reaction, in addition to the minimum concentration, is determ- 


ined also by the identified minimum 


m “min * “min: 4+ 5 


chosen 


that is, the identified minimum is proportional to the cross-section of the layer of liquid. 
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The thickness of the layer of a coloured solution in coloriscopic capillaries is 
comparable with that in the macro method, whereas the cross-section is considerably 
less. This makes it possible essentially to decrease the identified minimum. The cross- 
section of the layer of liquid in the ultramicromethod is usually 10~ times that in the 
macro method. Hence, the detected minima of elements determined are in the same 
ratio. 

Che limiting concentration per unit length, which does not depend on the cross- 
section of the column of liquid, when the layer thicknesses are comparable, is the same 
for the macro and ultramicro method. 

It has been confirmed by our experimental results that the identified minimum 
depends on the cross-section of the layer of a coloured solution. Thus, in the macro 
method when the cross-section of the solution layer is | cm?*, the identified minimum 
for iron is 10~° g, whereas in the ultramicro method it is 10~° g. 


QUALITATIVE AND QUANTITATIVE ULTRAMICROANALYSIS 


According to the literature, there are now a number of methods and suitable appara- 
tus for qualitative and quantitative analysis on the stage of a microscope. 

No attention, however, has been paid to chromatographic separation in small 
volumes, to electrochemical methods of separation and determination, or to the 


physicochemical determination of the end-point in titration. This limits the possibili- 


ties for investigation by an ultramicrochemist of small amounts of substance. 
Phe following is the description of some new apparatus and methods for analysis 


on an ultramicro scale. 


j 4 . Vz j, 
Carron atographi« separation in small volumes 


Chromatographic separation used as an ultramicro method has a great advantage 
over other methods of separation, because the separated elements can be often 
obtained in a very pure state without introducing into the solution a reagent which 
is difficult to remove. As well, the process of separation on the ultramicro scale takes 


considerably less time because of working with small volumes of solutions and the 
use of small amounts of sorbent (0-05—0:1 g). 
Che ultramicro technique of chromatographic experimentation has no difference in 


iL 


principle from the usual one. But the work with small volumes inevitably affects the 


apparatus and the methods of manipulation. 


We propose the use for this purpose of a column which consists of a thin-walled capillary of 2 to 
mm diameter and 3 to 4cm long with a drawn out end and a porous glass partition. The solution 
forced out of the column by the pressure created by a levelling bulb. The eluates are collected in 
rovessels of 1-5 to 2-0 mm diameter. The vessels are placed in a circle on a rotating cylindrical 
nd-holder. Solutions are introduced into the column by a micropipette (Fig. 2) 
[ron and nickel, chromium and vanadium were separated by this method in volumes of 1-2 10-8 


na 


tities of 0-5 10-° to 1 10’ g 


’ 


Electrochemical separation and identification of elements 
if 


a 


Electrochemical analysis under the microscope can be carried out by means of the 


special apparatus constructed by the authors.* 
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For obtaining a certain current density (0-1-0-01 A/cm*) it is necessary to have a current strength 
of 10-* to 10-° A, because of the small surface of the electrodes used in the ultramicro method. The 
apparatus is different from that for macro electrolysis (a micro cell is used). 

The cells used for electrolysis with platinum electrodes were of two types: 

(a) The electrolyte is placed on a platform in a thick-walled capillary in the form of a condenser 
rod which has a platinum wire about 0-2 mm in diameter welded into its channel; the end of the wire 
which is in the platform plane serves as the anode 

rhe cathode consists of a platinum wire welded to a flexible wire which passes through the capillary 
and the ebonite holder. There is a terminal at the end of the flexible wire to connect to the source of 
current (Fig. 3a). 

(6) The electrolyte is placed in a microvessel into which the platinum electrodes are inserted. The 
electrodes consist of isolated platinum wires 0-1-0-2 mm in diameter welded into a capillary. The 


electric current is fed through thin flexible wires one end of which each of these being welded to the 


platinum wire and the other to the terminals of the ebonite holder (Fig. 34) 


Using the apparatus described, it is possible to isolate and identify 10 10-8 ¢ of a metal ina 
: I I 


volume of 10-*-10~-4 ml, the electrode surface being equal to about 10-* cm 

















n electrodes 


Electrolysis on a mercury cathode is carried out in a capillary with both ends open because of the 
intense gas-generation during the electrolysis, because of which the solution is ejected from an 
ordinary vessel 

The mercury cathode is made by electrodepositing mercury on a platinum fork which serves as 
cathode in the electrolysis (I ig. 4). 

After deposition of the metal on the mercury cathode, the mercury may be removed by connecting 
the cathode in the circuit toa micro heater. Mercury having been removed, the metal remaining on 
the fork is dissolved by immersing in a suitable solvent in a micro cone, and it is then identified in 


the solution by a sensitive reaction. 
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Microcrystallosc« 


pV 
I 
Coloration in the coloriscopic cuvette 
Coloration in the coloriscopic cuvette 
I 
> . ‘ 
Precipitate 
Electrolysis 
F] yIy 
i€Ctrolysis 


decrease in the drop error is possible in ultramicro- 


using electrometric methods for the determination of the equivalent point. 


for example, of potentiometric titration in ultramicro titrimetric 
lered by a number of specific difficulties in connection with the investi- 
small volumes 


2 mm diameter with a 


i cell for potentiometric titration, a capillary vessel of | 

and a reference calomel electrode with a capillary end. The burette is 

f about 0-5-mm bore, the end of which is drawn down to 0-02 mm in diameter. Such 
ropipette, but with the possibility of the exact measurement of solutions. To 


neasurement a dial micrometer placed between the micrometer screw and the holder, 
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of which the moving part works as a plunger, is used. In this case, a certain number of scale divisions, 
recorded by the micrometer scale pointer when the screw is turned, corresponds to a certain volume of 
solution when the burette is filled or emptied. This volume is easily measured by calibrating the 
burette. 

rhe mixing of solution during the titration can be suitably performed by a nitrogen current which 
is fed through a tube with a capillary end directed to the surface of the liquid. The gas current causes 
turbulent motion of the liquid in the vessel 

To carry out the titration, a vessel with the indicator electrode, and a holder with the necessary 
vessels, are placed into the moist chamber on the stage of the microscope. The burette, the calomel 
electrode, and the tube to feed the mixing gas, are clamped in three manipulators placed to the right 


s S* 


of the microscope (Fig. 5). Turning the vessel to each of the manipulators in succession, the titrant is 


added, the solution is mixed, and the potential value is measured. Titrating 0-5-1-5 10-* ml with 
0-1-0-01N solutions, 10 10-* g of an element can be determined with an accuracy of 0-5-3 °%.4 

For amperometric ultramicro titration on the stage of the microscope, the follow ing apparatus and 
method are used. The indicator electrode is a vibratory platinum wire, 0-2 mm in diameter and 2-3 
mm long. The reference electrode is a saturated calomel electrode with a capillary end 

Titration can be suitably performed in a capillary microvessel, and the titrant can be added by the 
burette with a dial micrometer screw. 

[he micro vessel on the holder is placed on the stage of the microscope in a moist chamber with a 
cross slot in its side wall. Through this slot a vibratory electrode is inserted into the chamber. The 
electrode is set in the clamp of the manipulator perpendicular to the two other manipulators which 
are placed, as usual, to the right and the left of the microscope. The burette and the reference elec- 
trode, with ends bent to a right angle, are clamped in these manipulators (Fig. 6). As the titrant is 
added, the galvanometer deflection is recoided, and the corresponding volume of the titrant is 


measured by the burette scale. From 10~‘ to 10~* g of an element can be determined amperometrically 
in 0-5-1-5 x 10-* ml of 0-01-0-001N solution. The accuracy of the determination is about 1 %.° 
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diameter, made in the microflame of a special glass 
tions in volumes of about 10-* ml. The glass and 


manipulators, brought into the field of vision of the 


ned in the section of the capillary on the microscope 


+} 


ler solutions, 1n comparison with measurements 


> 


reproducibility of pH values within 1-3°% of the 


yns carried out by means of the methods dev eloped, 


ANTITAVE ULTRAMICRO DETERMINATIONS 


Method 


Potentiometric titration 


Amperometric titration 


Colorimetry 


By the volume of the precipitate 


In conclusion we should like to add that the techniques of experimentation either 
known before or described here have been used to investigate various small samples 
(inclusions and very small parts of meteorites, cell sap of plankton diatoms,® various 


thin coatings, corrosion products efc.) 


This has shown that the analysis of small amounts of substance can be carried out 


yn the stage of a microscope. The investigation may be as complete as the investigation 
of large quantities of substance on the macro scale. 

In addition, ultramicro methods may be applied to the analysis of any materials 
for impurities, on condition that a method for removing the main component (or for 
isolating the admixtures) is found, which will permit concentration of the admixtures 


in a small volume. 


Zusammenfassung—Neue Gerate und Techniken wurden entwickelt um einige Ultramikroanalysen 
durchzufuhren. Es wurde gezeigt, dass die Analysen unter einem Mikroskop durchgefitihrt werden 
konnen. Die Analysen k6nnen genau so komplet sein wie solche, die im Makromasstab vollzogen 


werden 





Ultramicroanalysis under the microscope 34] 


Résumé—Les auteurs ont mis au point un appareil et des techniques expérimentales pour un certain 
nombre de méthodes ultramicrochimiques. Ils ont montré que l’analyse de faibles quantités de 


substance peut ¢étre réalisée a l'aide d'un microscope. Cette étude peut étre aussi compléte que 


l’étude de quantités importantes de substances a grande échelle 
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APPLICATIONS OF COMPLEMENTARY 
TRI-STIMULUS COLORIMETRY—III 


THE DETERMINATION OF INDICATOR CONSTANTS AND THEIR 
USE IN THE CALCULATION OF SCREENING CONDITIONS 
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licator constants of acid-base indicators can be calculated from 
ri-stimulus data. It is pointed out that this approach is applicable to the study and 
milar equilibria. From complementary tri-stimulus data for an acid-base indicator 
x dye (or dyes) and the calculated indicator constant, the composition of a satis- 
ndicator stock solution can be calculated. Examples are given and derived values 
th experimental results 
: of indicators is an important approach to improving the detectability 
of end-points. In the past, the proper ratio of an indicator to the screening dye (or 
dyes) has always been established by trial and error. In a previous paper, it has been 
shown that complementary tri-stimulus colorimetry permits the calculation of that 
ratio when the complementary colour co-ordinates of an indicator and of the screening 


dyes are known, as well as the optical concentration of their stock solutions. In order, 


for example, to screen the end-point in an acid-base titration at a certain pH value, a 


solution containing the necessary amount of indicator is brought to that pH value, 
the absorbance curve is determined, and the complementary colour parameters are 
calculated.' 

As will be shown in the present paper, the screening conditions at any pH value 
within the transition interval of a particular pH indicator can be calculated when the 
indicator constant and the complementary colour parameters of the indicator in both 
the acid and base form are known. Further, the indicator constant itself can be 


calculated from complementary colour parameters. 


Determination of indicator constants 


From the formula for the dissociation constant of an indicator acid, HI, 
(1) 


the following equation can readily be derived where g is the mole fraction of the 


indicator in the acid form 


(2) 
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By bringing equation (2) into the form of its negative logarithm, thus allowing the 
introduction of the parameters pX,,, and pH, the following is obtained 


pK,, pH g ‘ (3) 


[his equation holds not only for indicator acids but also for indicator bases, as 
can be shown by applying the usual definition for the indicator constant of an indicator 
base, K K,,/k yy, where K;, is the dissociation constant of the indicator base and ky, 
is the ionic product of water. 

In the first paper of this series“ it was shown that the mole fraction of a binary 
mixture of colorants can readily be calculated from complementary colour para- 


meters. In general, the following equation may be used 


gO i (1 gV li 
gf ' (] QE 


O = (4) 
where Q,, are the co-ordinates of the complementary colour point (being represented 
by u, v, and w forr 1, 2, and 3 respectively). E is the overall absorptivity, and the 
subscripts m, a and b apply to the colorant mixture, and to substances a and 3, 
respectively. In the present case a and b may be assigned, respectively, to the acid 
and base form of the indicator. 

[t should be pointed out, however, that the treatment given here for an indicator 
can be applied equally well to any analogous dissociation equilibrium involving 
coloured components. Further, it should be recognised that the concept *“‘colour”’ is 
used in the broadest sense, since wavelengths may be selected outside the visible 
region of the spectrum if relation to the human eye need not be maintained. This 
was demonstrated in the first paper of this series.” 

By arrangements of terms, equation (4) may be solved for g. 

E,(Q 
~O 
By taking the reciprocal of equation (5), separating the fraction, and transposing, the 
following equation is obtained: 
O O 


O,.5 — Qr.m 


rhe left side of this equation is exactly the argument of the logarithmic term of 


{6) 


equation (3), and its equivalent may be introduced into equation (3) to yield 
1 1 J a 
pk pH log 


[his equation indicates clearly that for the calculation of the indicator constant, 
only the absorbance curves of the two limiting acid and base forms of the indicators 
for a transition, and of a mixture of these forms (i.e., at a pH in the transition interval), 
need be known. From these three curves all the necessary complementary colour 
parameters can be calculated in the manner previously reported.'} 

In order to calculate the E values, the analytical concentration of the indicator 
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must be known. However, for the pure acid form and the pure base form of a parti- 
cular indicator solution, the molar concentration is generally the same. Employing 
the definition 

CEI, (8) 
where C represents the molar concentration, J the optical concentration and / the 
length of the light path through the solution, it follows that 


J O, | 
pA pH log F , —_———— : (9) 


[he application of this approach and of equation (9) can be best appreciated 
through a practical example, namely, the determination of the indicator constant of 
tetrabromophenolphthalein. In Fig. 1 are shown the absorbance curves of this 
indicator as the base form, the acid form, and somewhere in the transition interval 


~ 


(actually at pH = 3-75). The concentration of the indicator was not determined and 


Absorbance curves of tetrabromophenolphthalein 


at various pH values (l-cm cell). 


the solution was made up in such a way that reasonable absorbance values would 
result. By employing the ten selected ordinate method and the mode of calculation 
previously described,’ (i.e., with reference to the human eye), the complementary 
colour parameters for the three colorants given in Table I were obtained. 

Formula (9) is actually equivalent to three equations in which Q, becomes succes- 
sively u, v, and wforr 1,2 and 3. Inspection of this equation reveals that differences 
of the particular co-ordinates are involved. Hence, the form of this equation should 
be employed for which the greatest numerical differences will result; in this way the 





Determination of indicator constants 


highest accuracy can be secured. The w co-ordinate was selected for the present 


example in this way. By substituting in equation (9), the result is 
pA 


[he value for pK 3-8,, thus obtained, is in good agreement with the value, 
accepted in the literature.? 
Although in this example the ten selected ordinate method was used, it should be 


emphasised that reference to the human eye is unnecessary, because the value of the 


LOMOPHENOLPHTHALEIN 


Acid form 5 53 0-794 
Base form ) 92 0-046 
Mixture, pH 3-75 3 0-3 303 


indicator constant is unrelated to the observer’s vision. Any suitable number of 
wavelengths (even one wavelength only in each range) could have been selected 
appropriately in the visible or non-visible portion of the spectrum. 


In exactly the same manner pK,,, for methyl orange and for cresol red were 


determined. The respective values, 3-4, and 8-1,, are in good agreement with the 
values 3-5 and 8-1 accepted in the literature.’ Multi-step indicator equilibria (or any 
other analogous dissociation equilibria) can be treated in the same manner, provided 
that the constants for each step are sufficiently different in magnitude to allow neglect 
of other steps in the consideration of a single step. Thus, for a pH indicator such as 
thymol blue, which has two transition intervals, both indicator constants can be 
calculated, but five absorbance curves are needed: one of the form existing in strongly 
acidic medium; one in the first transition interval; one of the intermediate form; 
one in the second transition interval, and one of the form present in strongly alkaline 
solution. Then equation (9) is applied twice, taking into consideration that in the 
calculations the intermediate form represents the base form in relation to the first 
indicator constant, and the acid form in relation to the second indicator constant. 


Employing the ten selected ordinate method, the va 


1 
| 
i 


ues of pK;,,, » was found to be 
8-9, which is in excellent agreement with the value 8-9 reported in the literature fo1 
thymol blue*. However, the value for pX;,,, thus obtained differed considerably from 
accepted values. The obvious reason for this discrepancy was that the solution with 
the lowest pH (0-8) measured was not sufficiently acid to ensure the exclusive presence 
of the acid form. Instead of measuring the absorbance curve of an even more acidic 
solution, the possibility of calculating the complementary colour parameters for this 
form without ensuring its exclusive presence was investigated. It was found that this 
could be accomplished as described below. 


Assume that the base form (i.e., the intermediate form in the present case of 


thymol blue) is obtainable and that its complementary colour parameters have been 


determined; and further, that the absorption spectrum of the mixed acid-base system 
is known at two different pH-values in the transition interval. Then, since the indicator 
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constant is indeed constant, the following relation exists 


7 J, . 
A pH, — log — x ——— —, (10) 
ce. 1 “bd . 


H 7. 
pry a 


vhere the subscripts 1 and 2 refer to the parameter of the system at the two different 
pH values. Equation (10) can be solved for the unknown complementary colour 


f 


co-ordinates of the acid form, Q,.,, to yield 


Q+,m, WQr.m.2 





0, mw 


merical values of the complementary colour co-ordinates of the acid form 
can be secured even though they were not directly available by experimentation. 
[hese co-ordinates can now be employed to calculate the optical concentration of the 
acid form, /,, in the following manner. The argument of the logarithm in equation (9) 
s equal to (1/¢ 1). Further, g can be calculated from the following equation 


Tm = Iu + (1 — Qos (12) 


where J,, is the optical concentration of the mixed form (at either of the two pH 
values). From equation (12) an expression for (1/¢ — 1) can be derived, namely 

1 = 
apes : (13) 

q ‘ J, 
This equation may be combined with equation (6), with the E values replaced by the 
J values according to equation (8), to yield 

O eS 


= es , (14) 
ii Jn — J 


From this equation by solving for J,, the following is obtained 


, (15) 
) 
rhe reliability of this derivation was established by its application to the determination 
of the complementary colour parameters of the intermediate (yellow) form of thymol 
blue, which can readily be obtained from experimental data. The necessary data 
are given in Table II. Since the study is not related to the human eye, the ten selected 


I] (_OMPLEMENTARY COLORIMETRIC PARAMETERS OF THYMOL BLUI 
IN ITS YELLOW AND BLUE FORM AND THEIR MIXTURES 





u 


Strong base 0-105 
Acid (pH 5) 0-572 
Mixture pH 8-0 0-526 
pH 9-0 0-332 
pH 7°5 0-555 
pH 9-5 0-225 
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ordinate method was not mandatory and a simpler selection of wavelength values was 
made; namely, u-range: 410, 420, 430, 440 and 450 my; v-range: 460, 470, 480, 490 
and 500 mu; w-range: 520, 530, 540, 550 and 560 mu. The values of u, calculated 
were 0°579 and 0-575, selecting the pH values of the pairs 7-5 and 9-5; and 8-0 and 
9-0, respectively. These values and especially their average, 0-572, compare very 
favourably with the value obtained directly from the experimental data in Table II, 
namely, 0-572. 

J, was then calculated by equation (15), employing the two pairs of pH values. 
[he values thus obtained, namely 4:06, and 4-07,, and their average, 4-07, are in 
agreement with the experimental value obtained directly, 4-07. 

Since the quotients of differences are involved in all of these calculations, small 
experimental errors can cause considerable deviations. It is therefore desirable to 
calculate the values from several sets of curves and then to average the results. 

When such an amount of calculation and measurement is involved it would obvious- 
ly be much simpler to run one single curve at the desired pH value and to obtain the 
results directly from that curve. The simple indicator equilibrium, however, is treated 
as an instructive example and the procedure derived may advantageously be applied 
to the study of cases where overlapping equilibria prevent the direct determination of 
the complementary colorimetric parameters of one particular form. 

With this conformation of the derivation at hand, the complementary colour 
parameters of the form of thymol blue existing in strongly acidic medium were 
calculated with the intermediate yellow form considered as the base form. Then the 


absorption spectra of solutions of thymol blue at pH 1-0 and 2:0, and at 1-5 and 2:5, 


were obtained. The same wavelengths were utilised as in the above consideration of 
the intermediate form. The u, value thus obtained for the two pairs of pH values 
were 0-137 and 0-137, and these were applied to the calculation of J,. The values 
secured were, respectively, 7-54 and 7:41. The average of these two values, 7-47, was 
then used to calculate the indicator constant using m-values from the curves at pH 
1-0, 1-5 and 2-0. The values of pK;,, , obtained, namely, 1°55, 1-59 and 1-56, and their 
average, 1-5, are in good agreement with the value 1-6 accepted in the literature.* 

Methyl red presents an interesting case, as it has two acid forms which to the eye 
are almost the same shade of red. As can be seen from Fig. 2, the absorbance curves 
of these two forms are rather similar and the differences occur in a wavelength range 
in which the eye is not especially sensitive. By selecting an appropriate number of 
absorbance curves to cover the pH region, it is possible to calculate the indicator 
constant for the transition between the two forms. It should be appreciated that 
knowledge of these indicator constants is of little or no significance in the usual 
application of methyl red as an acid-base indicator; however, knowledge of the 
complementary colour parameters is necessary in order to calculate the exact screening 
condition for this indicator. These parameters were calculated in the same manner as 
described above and were then used to secure the values of the indicator constants. 
The average value of pK;,, 5 (single values 4-88, 5-00 and 4-98) was found to be 4-9, 
which is in agreement with the value 4-9 in the literature.’ The value of pK;,,. was 
found to be 2:3; the same value is recorded in the literature.* 

When the manuscript of the present paper was in preparation a paper by Reilley 
and Smith® was published. The authors devoted a part of the paper to the determina- 
tion of indicator constants. Using a somewhat different approach they obtained the 
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rough a graphical procedure. Incidentally, they also determined the 


for methyl red and reported the values 2°3. 


4 ! ee a | ” oo 
-stimulus colorimetry in the study of equilibria 


ypriate plotting of results derived by complementary tri-stimulus colori- 


1 


excellent tool for the study of equilibria involving colorants. If, as 


. simple equilibrium is involved, onecomponent disappears 


ich a case a u—v, U—wW OF ’ plot will yield a straight 


natical derivations have previously been 
in Fig. 3. From pou “a, denoting 
‘xisting in a strongly acidic 


1 


’, corresponding to the intermediate (yellow) 
With a further increase in pH, the system Is 


ine connecting point “‘i’’ with point “*b’’, which corresponds 


1 Straight 


ul L 


the form existing in strongly alkaline medium. The calibration of the system lines 


in pH-units does not result in an equally spaced argument; rather there is ““crowding”’ 


toward the points “‘a’’, “i? and “db”. The diagram shown in Fig. 3 can be better 
appreciated by comparison with the plot shown in Fig. 4. 

It is important to appreciate that a pH-Q, plot (such as in Fig. 4) will not of 
necessity disclose the occurrence of a multi-step equilibrium. This is illustrated by 
Fig. 5, which pertains to methyl red. Neither the uw- nor the v-curve reveals that a 


second equilibrium is operative. 
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In both curves, the deviations in the region pH 1-4 may be attributed to experi- 
mental errors. The w-curve, however, shows clearly the presence of a second equili- 


brium. This can be readily understood by a study of the spectral curves (see Fig. 2); 


o pH f 


the changes predominate only in the wavelength region selected as the w-range. The 
two steps of the equilibria are immediately apparent from a u—w plot as shown in 


Fig. 6. There is an important association between the existence of a straight line in a 


u—v plot and the presence of an isobestic point in the absorbance curves. Both are 


necessary, but insufficient, conditions for a simple equilibrium. 
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ind J to pH for methyl red 











Fic. 6.—u-—v Plot for methyl red. 
yng the lines are the pH values corresponding to the indicated points. The 
he system in the vicinity of the colour point of the intermediate form is shown 
enlarged as an insert. 


From this point of view, a closer inspection of the system lines around the inter- 


mediate form of methyl red does reveal a curvature (see insert in Fig. 6). To date, the 
present author has been unable to explain this curvature. It may be caused by some 
impurity which exhibits indicator properties. Hence the value for pK, obtained is 


somewhat uncertain and the problem needs further investigation. 
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Calculation of screening conditions 

[he equations derived in this paper may be applied inversely to the calculation of 
the complementary colour co-ordinates for any indicator colour in the transition 
interval, when the indicator constant and the complementary colour co-ordinates of 
the two limiting forms of that particular transition range are known. Then the 
screening conditions can readily be calculated for any desired pH in the transition 
interval. For this particular calculation, of course, not any ordinates may be selected ; 
rather, since reference to the eye is maintained, the ordinates must be selected accord- 
ing to the colour theory. The approach can be readily explained in terms of a practical 
example, namely, the screening of the acid-base indicator methyl orange at pH 4-08. 
(This particular value was selected because an absorbance curve was available for it, 
thus permitting comparison of calculated and experimental results). The concentra- 
tions of the indicator and of the screening dye (or dyes) in the screened solution can 


be calculated from the following equation, which was derived in a previous paper: 


S (Q, G,)J, = 0. (16) 
a 
In this equation G, represents the complementary colour co-ordinates of the grey 
point, that is, the complementary colour point obtained for the illuminant alone with 
no colorants present. The corresponding values for illuminant C (representing 
average day-light) are u 0-310, v 0-316 and wu 0-374. Equation (16) is actually 
equivalent to three equations with r 1, 2, and 3 for u, v and 1 respectively. Since 
only two unknowns are involved if two screening dyes are employed (the unknowns are 
the dye concentrations), only two equations need be considered. These two equations 
may be written explicitly as follows 
(u, 0-310)J. (u, 0-310)J (u 0-310)J . (17) 
and (v, 0-316)J (v 0-316)J (v 0-316)J Q, (18) 
where the subscripts e, b/ and v refer, respectively, to the end-point colour, and the 
blue and violet screening dyes. These equations can be simplified for further mani- 
pulation by introducing the following definitions 
(u — 0-310) it, (19) 
and (1 0-316) D. (20) 
[his operation represents a shift of the origin of the co-ordinate system from u Q, 
1 0 to the grey point. Applying this transformation to equations (17) and (18), the 
following equations are obtained 
(21) 


and ) oe ype t - ‘ 22) 


What has to be found is in essence the ratio of the volumes of the three solutions, 
namely of the indicator and of the two screening dyes, which must be mixed in order 
to secure screening at the selected pH. This can be done by introducing the concept 


“optical millimoles” and “optical molarity’. (One could even speak of the “‘J-ity”’ of 


a colorant solution, thus paralleling the molarity.) Then the following equation may 


be written: ;, : j 
? ml’ x J (J < ml) screened solution, (23) 





molarity of the stock solution of the three color- 


llilitres. Equations (21) and (22) can then 


ethyl orange at pH 4-08, the g value can be cal- 


[hen by applying either equation (4) or (6), and 


values according to equation (8), the complementary 


the end point colour are obtained. Finally J for the 
pH 4-08, is obtained by application of equation (12). It 


that in the latter calculation the Q, values can be taken 
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rhese values and the corresponding values for the two screening dyes are collected 


in Table III, which also contains the results obtained from the spectral curve for 


I 


~ 


methyl orange at pH 4-08. Application of equations (28), (29) and (30) established 
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THE SCREENING CONDITIONS OF METH 


1H 


when it is recognised that none of the observers possesses the hypothetical “‘average”’ 
eye and that the illuminant did not exactly correspond to standard illuminant C. 
Fig. 7 shows the absorbance curve for the screened indicator at appropriate dilution 
and brought to exactly pH 4-08. The @ and é values of that curve are 0-313 and 0-314, 
which within experimental error corresponds to the actual co-ordinates of the grey 


point, that is, 0-310 and 0-316, respectively. 
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When a similar approach was applied to the screening of tetrabromophenol- 
phthalein good agreement was also obtained. In this case, however, it proved to be 
advisable to use a rather low concentration of the indicator in the solution to be 
actually titrated and to observe the end-point colour change through a short light 


path. The screened indicator mixture exhibits dichromatism to a higher degree than 


indicator. This observation was also made with some other systems, and 


udies are being made of this phenomenon. Probably such difficulties can be 


appropriate selection of the screening dyes. 


EXPERIMENTAI 


grade except the screening dyes which were applied as obtained 
the indicators were obtained in the following 

prepared in either water or alcohol, as ippropriate 
insferred to a volumetric flask and diluted to the 
cal aliquot of the stock solution was transferred 

is the first) and diluted to the mark with O-1AN 
solution was transferred to a beaker and titrated 


ired with a Beckman pH meter and portions of the 
insferred to cuvettes and their absorbance curves 


ophotometer. Absorbance and pH measure- 


g, N.J., is thanked for helpful criticism of the 
Shingler of The Coca-Cola Company, Atlanta, Ga., 
ng spectrophotometer of that company. The work 


yundation 


lie Indikatorkonstanten von Sdure-Basenindikatoren 
hnet werden kOénnen. Es wird hingewiesen, dass 
inliche Gleichgewichte ausgedehnt werden kann. Aus den 


ikator und fiir die zuzumischenden, inerten 
1; 


inn die Zusammensetzung einer Indikatormischung 


pH-Wert ein neutrales Grau zeigt. (“Gescreenter” 


indicateurs acide-base peuvent étre calculées a 


Il fait remarquer que cette méthode est applicable a l'étude et a 

A partir des résultats des trismuli pour un indicateur acide-base 

““nrotecteur’’ et de la constante calculée de l’indicateur, la 

ymposition dur lution stable d’indicateur “protégé’’ de fagon satisfaisante 
Des exemp! 


vs peut étre calculée. 


tleurs dérivées sont comparées avec les résultats expérimentaux. 
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SELECTION OF COMPLEXING AGENTS FOR 
COMPLEXOMETRIC TITRATIONS* 
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Summary—It is shown how conditional (i.e., apparent) constants can be used to choose the most 
suitable complexing agent for the titration of a metal in the presence of other metals. The titration 
of barium is considered as an example. This titration can be performed with satisfactory accuracy 


with DTPA or EGTA, employing indirect end-point detection. Curves plotting the theoretical 
: I I 


titration errors of the titrations are presented. 


Calcium can be determined in the presence of magnesium with EGTA, using Zincon and zinc 


EGTA for indirect end-point detection. The theoretical titration error has been evaluated for titrations 


under various experimental conditions 


ETHYLENEDIAMINETETRA-ACETIC acid (EDTA) holds a special position as a titrant in 
complexometric titrations, but frequently better results can be obtained in titrations 
if another polyamino-polycarboxylic acid is substituted for it. In recent years 
the applicability of several polyamino-polycarboxylic acids as complex-forming 
titrants has been studied, and in this paper two of these acids, diethylenetriaminepenta- 
acetic acid (DTPA), and ethyleneglycol-bis-(aminoethylether)tetra-acetic acid (EGTA), 
will be compared with ethylenediaminetetra-acetic acid to determine whether they are 
more suitable titrants than EDTA itself. 


HOOCCH, CH,COOH CH,COOH 
N—CH,CH,—N—CH,CH,—N 


HOOCCH CH,.COOH 
Diethylenetriaminepenta-acetic acid 
(DTPA) 
HOOCCH, CH,.COOH 


N—CH,CH,—O—CH,CH,—O—CH,CH,—N 


HOOCCH, CH,COOH 
I thyleneglycol-bis-(aminoethy lether)tetra-acetic acid 


(EGTA) 


Fic. 1 


[he structures of the two new acids are shown in Fig. 1. The complexing properties 
of these acids can be compared with those of EDTA by choosing a suitable reference 
metal. 

The comparison can be made most simply by plotting the values of the conditional 


* A paper read at the 10:e Nordiska Kemistm6tet, Stockholm, 1959. 
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plexes formed by this metal with the three acids as functions of 
| constant of a 1:1 complex MY, formed by the metal M and the 


is computed from the equation: 
[MY ]/([M'J[Y']) K yy/(4y%y)s (1) 


plex at the ionic strength in question 


- defined by 


1 


n, Which may be the hydroxyl ion, or 
ilso the hydrogen ion) 


Ky 


vy IS the Ove -all 


Y |/({H]"{Y)). 


the complexing agents we present the 


al constants of the barium complexes of the acids. Because 


with the hydroxyl ion or ammonia, «,,, 1S 


the conditional constant varies inversely as xy;y). The 


ynstants of the different barium complexes is shown by 


on of binuclear barium complexes of DTPA,? which would 
to deviate from unity, has not been taken into account 
he values of the conditional constant of the barium-DTPA complex, 


tion cannot be expected to have any appreciable influence on the 


to “apparent constant’”’ employed by Schwarzen- 


+ has used the name “effective constant” for the 
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It will be seen from Fig. 2 that DTPA and EGTA are the best complexing 


if agents 
for the titration of barium at pH 10. For direct end-point detection the indicato1 


Metalphthalein® could be employed, but owing to the tendency of the indicator to 


form coloured acid and binuclear complexes, its use requires a very accurate adjust- 


ment of the pH of the solution (to pH ~ 11-5). Other means of end-point detection 
have been proposed. Thus Schwarzenbach' has suggested the use of Eriochrome 
Black T, together with the magnesium or zinc complex of the complexing agent, in 
the titration of barium with EDTA. The sharpness of the colour change is not, 
however, quite satisfactory in this case, and therefore it is of interest to determine 
whether a bett 


ter end-point detection can be achieved with DTPA o1 EGTA 

















The Titration of Barium \ 


The theoretical treatment of a titration with indirect end-point detection requires 
a knowledge of the equilibrium condition e reactions: 


(9) 


(10) 
M, is the metal ion to be determined, Y the complexing agent, in added auxiliary 
metal ion, an an indicator that changes colour when it 


; with the latter metal 
ion. Wh ‘iochrome Black T 1s 


employed as indicator, the most suitable auxiliary 
metal ion nagnesium or zinc. 
ies of the stability constants of the magnesium and zinc complexes 


nsideration are collected in Table I. 


ONSTANTS OF THE BARIUM, MAGNESIUM 


OMPLEXES OF DTPA, EGTA AND EDTA 


DTPA 


EDTA 
EGTA 
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f barium in the presence of the magnesium complex 


riochrome Black T and the magnesium complex of the complexing 
mployed to indicate the end-point of the titration of barium with 
ing agent, with a greater accuracy than with EDTA as titrant, the 
> stability constants of the magnesium and barium complexes 

the former complexing agent than for EDTA. The difference 


\ log K™ log K ver log K, Ly (11) 


t for EGTA (A log K¥2:ps 3-0), but since the stability 


LIGA LIU SL 


lagnesium complex must exceed the value 10’ before the end-point 


d visually with sufficient accuracy, DTPA is more suitable for the 
f barium. This has been shown to be the case previously in the 
amounts of barium and, indirectly, of small amounts of sulphate.’ 

P 


titration error in such a complexometric titration is given by 
Titration error = ({[Y’] — [M;] — [Myr })/[MrY]. (12) 
nal constants are introduced into this equation, we obtain 
[My YV/((MrY}[My1'] Kar, -y) 
([MirY] Kateey) — [Mor J/(MrY]. (13) 


[Mi] Kay, 


lhe theoretical titration error in the titration of barium (= M,) with DTPA, in the 


| 


presence of the magnesium-DTPA (= M,;,Y) complex, is plotted as a function of the 


concentration of the latter in Fig. 3. At pH 10 Eriochrome Black T turns blue when 
[Mg] < 10-58 (pMg = 5-9). 





4 


Error 











DPMgY 


Theoretical titration error in the simultaneous titration of barium and magnesium 


DTPA 1 function of the concentration of added magnesium-DTPA complex 
pH 10. pMgena-; 5-9. Indicator : Eriochrome Black T. 


From the Figure it is seen that good results can be expected when the magnesium 
complex is added to a barium salt solution of unknown concentration until its con- 
centration is about 10-°M. Titration errors’ found experimentally conform fairly 


e curves shown in Fig. 3. 
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B. Titration of barium in the presence of the zinc complex of the complexing agent 

When the zinc complex and Eriochrome Black T are employed for indirect 
end-point detection in the titration of barium, the difference between the stability 
constants of the zinc and barium complexes of the new titrant must be smaller than 
the difference for the corresponding complexes of EDTA. This difference is seen to 
be smallest for EGTA (Table I), and hence this complexing agent is more suitable 
than EDTA for the titration of barium. 

Eriochrome Black T can be employed, together with the zinc complex of the 
complexing agent, as an indicator for the indirect end-point detection in the titration 
of barium, if the conditional constant of the zinc complex is of the same order of 
magnitude as that of the barium complex. Only when this is the case can the indicator 
react with the zinc ions that are liberated by reaction (9), and a titration is then possible. 
The conditional constant of the zinc complex can be diminished by adding another 
complexing agent that reacts only with the zinc ion. Ammonia is a suitable reagent 
for this purpose. Values of %z,(~y,) computed from equation (6), and the values of 
the conditional constant (Kzy/ ) of the zinc-Eriochrome Black T complex (log Kyzn) 
12-9) at various ammonia concentrations, are given in Table II. The conditional 
constant of the zinc-indicator complex is computed from 


Kon’ Kni/(%znnu.)%10))- (14) 


401 


AND Kyn’y AS FUNCTIONS OF THE AMMONIA CONCENTRATION 
AT pH 10 


log [NH 


log &gninn 


log Kan I’ 


The calculations have been based on the stabili 


Bjerrum, Schwarzenbach and Sillén’s® compilation 


ty constants of the zir 


From Table I it can be seen that the conditional constant for the zinc-EGTA 
complex should be lowered by 4-4 logarithmic units in order that EGTA’s barium- 
and zinc complexes shall be equally strong, and the corresponding lowering on 
titration with EDTA ought to be 8-7 units. Table II gives information on the ammonia 
concentration which the solution should contain in order that the necessary lowering 
of the conditional constant of the zinc complex shall be attained. In the former case 
about 0-1M ammonia is sufficient, in contrast to the latter, which requires about 1M 
concentration. 

At a lower ammonia concentration the value of ayy,) Will be lower, and the 
conditional constant of the zinc-indicator complex higher in value. When the con- 
ditional constant of the zinc-indicator complex is too low, as in the titration with 
EDTA (log Kyy 2-3), a visual end-point detection is not possible. This difficulty 
can, in some degree, be overcome if the zinc-indicator complex reacts with ammonia 
to form a so-called heterobiligand zinc-ammine-indicator complex. Reilley and 
Schmid® have determined the stability constant of the mixed zinc-ammine complex 
of the indicator Eriochrome Blue Black R and obtained the value K Niza 10° 
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a complex increases the conditional constant of the zinc- 


the value given by 


(15) 


(NH,Znl] 


KN zn mae 
[ZnI][NH,] 


(16) 


heoretical titration error in the titration of barium 


-EGTA, at different ammonia concentrations. 




















ire in satisfactory agreement with the 
sh ammonia concentrations, where 


1 y am Ca . > tha mane 
because of the formation of the zinc- 


employin id EGTA is more accurate than that in which 
YTPA are used 


1s of barium with EGTA were performed as follows: 


pproximately 0:01M barium chloride solution were added 5 ml of buffer 
a and 0-4M in ammonium chloride; pH 10), 5 ml of 0:002M zinc-EGTA 
alcoholic Eriochrome Black T solution, and the resulting solution was 


uted to 8 vith distilled water [he titration was carried out with 0-0233M disodium 
hyleneg b iminoethylether)tetra-acetate solution 


rhe results of a number of titrations conducted in the presence of different am- 
monia and zinc-complex concentrations are collected in Table Ill. The colour change 
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from red to blue was relatively sharp when the ammonia concentration was suitable 
(0-05—0-1M). 


TABLE I1].—TITRATION OF BARIUM WITH EGTA IN THE PRESENCE OF ZINC-EGTA 
AND AMMONIA pH 10. 


pZn¥ Barium taken, Barium found, 
mmole mmole 
3-4 5 0-0999 0-1004 
3-7 0-1002 
4-0 0- 1000 
4:7 0-0962 
4-0 0-1004 
4-0 0-1030 
4-0 5 0-1055 
pZnyY too h 
(NH,] too high 


Titration of Calcium in the Presence of Magnesium 


A condition that must be fulfilled before a metal ion M, can be titrated in the 
presence of a second metal 1on M,, is that the difference between the logarithmic 


conditional constants of the complexes formed by the two metals 


A log K™iMy log KM.’y log Ka,’ (17) 


is sufficiently large (at least four logarithmic units). In addition, as previously men- 


tioned, the conditional constant K,’y’ of the complex of the first metal must be larger 


than 10° before a visual titration of the metal ion M, can succeed 


\ titration of calcium in the presence of magnesium 1s, therefore, not possible 

. , M r{(‘a \ + 
with EDTA or DTPA (Alog Kf“e — 2:0; A log KOaMe ‘3), but can be 
lL, 
I 


carried out with EGTA because the difference between the logarithmic conditional 


constants of the EGTA complexes of the two metals is 5-6. A method, based on the 
use of this complexing agent and an indirect end-point detection, has been proposed 
by Ringbom, Pensar and Wanninen’® and later by Sadek, Schmid and Reilley.™ 
The reaction M, y M,,Y interferes in the determination of M, and the 
degree of the interference is determined by the stability constant of the complex M;;¥ 
and the concentration of the metalion M;;. Ringbom*” has shown that this reaction 
can be considered a normal side reaction of the complexing agent which requires the 
introduction of the side reaction coefficient 
s.) = (TY) + [Mn Y)/[Y] [M,,] Ky.y (18) 
I ! i 114 bn 
into the expression for the over-all coefficient xy, which then becomes 
ny A~¥(H) %¥(M,)) l~ ayn 
If the term ay;y,_) 1s the dominating one in (19), and further, if [M;;] Ky, 
= II 


II 
the conditional constant of M;Y may, when MM, 1, be written 


log K My) A log K™i™n pM. (20) 
This equation can be used to evaluate the conditional constant of the calcium 


6 (12 pp. 
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he presence of magnesium.’ Since log Key, 11-0 and 


5-6 + pMg. (21) 


metal indicator Zincon (2-carboxy-2’-hydroxy-5 -sulpho- 


zinc-EGTA can be employed for indirect end-point detection. 
inc-Zincon complex has been evaluated previously.'° 

in the presence of magnesium Is an analysis 

te of the accuracy attainable in the titration is of 


t 
il 


tration error can be computed v ith the aid of 


& 


ns are shown in Fig 


























4 5 4 


pZny pZny 


tion of calcium with EGTA at pH 10 in the 


ind zinc-EGTA in solutions containing 


nge takes place when pZn 5-9 


‘n from Fig. 5 that the titration error is very low, as long as the con- 


e zinc-EGTA complex does not exceed 10 'M and the magnesium 


n does not exceed that of the calcium ion. 


to Professor Anders Ringbom for stimulating discussions and 


ne manuscript 


Es wird gezeigt, wie man die effektiven (scheinbaren) Stabilitaétskonstanten 

kann um das bestgeeignete Komplexbildungsreagen fiir eine Titration eines Metalles in 

Gegenwart anderer Metalle zu finden. Die Bestimmung von Barium wird als Beispiel herangezogen 
Diese Bestimmung kann mit befriedigender Genauigkeit durchgefthrt werden, indem man Diathylen- 
triaminpentaessigsaure (DTPE) und Athylengly kol-bis-(aminoathylather)-tetraessigsaure (AGTE) 
heranzieht und indirekte Endpunktsanzeige verwendet. Titrationskurven werden gezeigt und der 
litrationsfehler berechnet. Calcium kann in Gegenwart von Magnesium mit AGTE bestimmt 
werden wobei Zincon-Zink AGTE als Indicatorsystem verwendet wird. Der theoretische Titrations- 


fehler unter verschiedenen Titrationsbedingungen wurde berechnet. 


Résumé—L’ auteur montre comment les constantes conditionnelles (c’est-a-dire apparentes) peuvent 
étre utilisées pour choisir l’agent complexant le plus convenable pour le titrage d’un métal en présence 
d’autres métaux. Le titrage du baryum est pris comme exemple. II peut étre réalisé avec une précision 
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satisfaisante par lacide diéthylénetriaminepentacétique (DTPA) et pa 
(aminoéthyléther) tétracétique (EGTA) en utilisant une détection 


r Vacide éthy lenegly col-bis 
indirecte du point equivalent. Des 
ont ete tracees. Le calcium peut etre dosé er 
présence de magnésium par EGTA en 


“incon et le complexe -EGTA pour decelel 


courbes montrant les erreurs théoriq 


indirectement le point équivalent. L’erreu 


theorique a ete evaluee | I ives 
fy 


] til v¢ la 
différentes conditions expérimentales 
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LETTER TO THE EDITOR 





Reported explosion in the periodic acid Liquid Fire reaction 


J. Thomson, of an explosion due to the use of the Smith and Diehl 
Like all reactions employing perchloric acid, it would appear 
in publicising this—if possible in an hysterical tone of expected 


een the curse of the promotion of perchloric acid reactions the aim seems to 


a perchloric acid reaction gets out of hand. It makes no 

ously the result of faulty techniques 
d Liquid Fire Reaction is intended for use in the wet oxidation of organic com- 
essentially cellulose, protein, sugar and polyhydric alcohols, plastics (excluding 
ot know whether the sample used in this violent reaction reported by 
not. But one thing is as clear as crystal, that the published 
iodic acid per gram of material to be oxidised. Mr.Thomson 


x of periodic acid, whereas 7:5 g are specified. The principal use 


lown the organic material before the reaction of perchloric acid to com- 


‘T 


if one has insufficient periodic acid present the reaction will not be 


the reaction is easily stopped if it does not show normal features. All you need to do 
water down the condenser into the reaction mixture, and no violence is then 
reaction building up is then immediately quenched. Mr. Thomson had 
lis, as his manipulations prove. This would have enabled him to cogitate at 
ilt there was to be found in his experimental approach, and to adjust reagent 
lised this reaction type before audiences many times without any protection for 

> audience. And no violence was predicted or realised 
hloric acid has been a name to stampede 99 per cent of the world’s chemists. The 
few hundred pounds annually, world wide. To-day, perchloric acid is utilised in 
the U.S.A. to the extent of two million pounds annually. The number of 
determinations in the control laboratories of the iron and steel, leather, and 
| procedure laboratories amounts to many millions of individual determinations 
1 spite of a dozen or more perchlorate explosions that have been reported in the 
But this reagent continues to increase in consumption. Now that the solid fuel 
nme is to use 100,000 tons of ammonium perchlorate in 1961 (Chem. Eng. News), the 
perchlorate oxygen carriers will further enhance the field of perchlorate technology, 
the common textbooks of chemistry will begin to teach the basic principles involved. 
t good practice to report this mishap without first contacting either of the two authors of 
srocedure in question. If Mr. Thomson will be so kind as to send me a sample of the 


volved in his explosion, I will attempt its wet oxidation in my own laboratory and report 
procedure to employ. And I am sure that I will not fail to find a suitable reaction mixture. 
Very truly yours, 
G. FREDERICK SMITH 
William Albert Noyes Laboratory) (Professor of Chemistry, Emeritus.) 
Department of Chemistry and Chemical Engineeri 
University of Illinois, Urbana, Illinois, U.S.A 
16 February 1961 
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properties using the polarising microscope This last, although 
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practice with the methods me tin 
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\ 
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The following meetings have been arranged: 


for Analytical Chemistry 


WILLIAMS 

n), G \ 

section) 

SMITH (Chairman Midlands 
C. WHALLEY (Chairman, Micro- 
WwW. ¢ MILNER 

in, Physical Methods Group) 


1. S. Simpson (Chairmatr Biologica 


Methods Group) 





Notices 369 


The sixteenth Annual General Meeting of the Biological Methods Group of the Society for 
Analytical Chemistry was held on Thursday 8 December 1960 in The Feathers, Tudor Street, London 
E.C.4, The Chairman of the Group, Dr. J. I. M. Jones, F.R.I.C. presided 


The following were elected Officers of the Group for the forthcoming year 
Chairman Mr. J. S. SIMPSON 
Vice-Chairman Mr. W. A. Broom 
Hon. Secretary and Treasure Mr. K. L. Smitu, Standards Department, 
Boots Pure Drug Co., Ltd 


England 


The thirty-sixth Annual General Meeting of the North of England Section 
Analytical Chemistry was held at the Nag’s Head Hotel, Lloyd Street, Manchester 
28 January, 1961. The Chairman of the Section, Dr. J. S. Edisbury, presided 
The following were elected Officers of the Section for the forthcoming year 

Chairman Mr. J. MARKLAND 
Vice-Chairman Mr. C. J. Houst 
Hon. Secretary an reasurel Mr. B. Hutme, Ch. Goldre 
Son I td ‘ Brookfield Drive I 
[The twenty-sixth Annual General Meeting of the Scottish Section of the Society for Analytica 


+ y 4 ' } >] Bal ry 
Chemistry was held at the Grosvenor Restaurant, Gordon Street, Glasgow, on Thursday, 26 January 


1961. The Chairman of the Section, Mr. A. N. HARRow, presided 


The following were elected Officers of the Section for the forthe 


Chairman Mr. A. F. WILLIAMS 

Vice-Chairman Dr. R. A. CHALMERS 

Hon. Secretary and T) / Mr. J. Brooks, Research and Development 
Department, I.C.1. Ltd., Nobel Division, Stevens 


The sixth Annual General Meeting of the Midlands Section of the Society I I | Chem 
istry was held at Regent House, St. Philips Place, Birmingham, on Tuesday arch, 1961. The 
Chairman of the Section, Dr. S. H. JENKINS, presided 


The following were elected Officers of the Section for the forthcoming 


Chairman Dr. H. C. SMITH 

Vice-Chairman Mr. W. H. STEPHENSON 

Hon. Secretar) Mr. G. W. Cuerry, 48, George Frederick Road 
Sutton Coldfield, Warwickshire 

Hon. Treasurer Mr. F. C. POULTON 


The following new British Standards are announced in B.S.I. News 


B.S. 1121: Methods for the analysis of iron and steel: Part 42: 1961: Cobalt in iron and steel 


This specifies a method for the photometric determination of trace amounts of cobalt in commercially 


pure iron and all types of steel containing cobalt within the range 0-002", to 0-04 of cobalt. (Price 
3s.) 


B.S. 1748: Methods for the analysis of copper alloys: Parts 1-5: 1961: Methods for the deter- 
mination of copper, lead, iron, aluminium and nickel in copper alloys. This specifies reagents required, 
recommended methods of sampling and test procedure from one sample weighing for the deter- 
mination of copper, lead, iron, aluminium and nickel, in copper alloys containing 1 to 14% of tin, 
1 to 2% of nickel, and small amounts of aluminium, e.g. phosphor bronzes, leaded phosphor bronzes, 
gun metals and leaded gun metals. (Price 6s.) 
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Notices 


chemical analysis of mixtures of cellulose triacetate 

vides a method for determining the proportions of the 

It is based on dry-weights but a formula is also given for 
nsate tor moisture 


any textile form, / 


J val ; f # . try af mens 
Qi Qnarysts ¢ ernary nuxtiures of protein 


} 


a method for determining the proportions of 


196] Sampling of 
taki samples by 


. 
sawings. (Price 3s.) 


specifies reagents required, 


ingot tin 


fhiocvanat /71¢ This specinhes 
I 


rocedure for t mination of 


method) This specifies reagents required, 


x the determination of tin in solders having 


specifies selection of ingots, bars, r wire. 


methods of taking final samples by means of sawing, 


ntamination of the sawings. (Price 3s 


uantitative chemical analysis of binary mixtures of cellulose 

his provides a method for determining the proportions of the 
se fibres. It is based on dry-weights but a formula is also given 
idditions to compensate for moisture. The method is suitable for 


i.e., tow, silver, roving, yarn or fabric. (Price 4s. 6d.) 


The wing revised British Standard is announced 


B.S 3:1961: One-mark pipettes. Thirteen sizes of pipette from 0 5 ml to 200 ml are specified: 
being of the bulb pattern except that the 0-5-ml size is a straight pipette and that both bulb and 


straight patterns are permitted for Classes A and B pipettes of the 1-ml size and Class B pipettes only 


ol 


the 2-ml size. Full dimensions are given but only the essential ones are listed as mandatory, the 


remainder being given for the guidance of manufacturers. Standard methods are included for the 


determination of capacity and delivery time and tolerances are listed for both. (Price 4s.) 


The following amendment slip is announced: 


B.S. 1016: Methods for the analysis and testing of coal and coke: Part 12: 1959: Caking and 


swelling properties of coal. Amendment No. 1: PD 4005. (Gratis) 


Part 15: 1960: Fusibility of coal ash and coke ash. Amendment No. 1: PD 4004. (Gratis) 





PAPERS RECEIVED 


Analytical applications of the reagent Arsenazo-IllI Determination of thorium, zirconium and 


rare-earth elements: S. B. SAvvIN. (22 Februa 

Studies on uronic acid materials—III: The use of compounds to determine acid decarboxylation 
reaction times: D. M. W. ANDERSON and S. GARBUTT Varch 1961) 

The determination of thiol compounds. J. M. Bakes and P. G. Je! 

Estimation of xanthate and dixanthogen: S. RAMACHANDRA RAO. (6 Ma 


Photometric titrations—II: Design and construction of a photometric titrator: H. Fi 
(6 March 1961) 


Determination of radiophosphorus by solvent extraction. HARLEY H. Ross and RICHARD B. HAHN 
(2 March 1961) 


Isotopic dilution analysis by ion-exchange: Determination of traces of iron: Jiki 
RuzicKA. (10 March 1961) 
Spectrographic analysis of gallium and indium with extraction: JERz NCZEWSKI, HANNA MALES- 


ZEWSKA and TERESA STECIAK. (11 March 1961) 


Spectrophotometric and potentiometric studies on the composition of iron complexes of potassium 
octacyanomolybdates: WAHiID U. MALIK and S. IFTIKHAR ALI: (14 March 1961) 


The determination of rhenium in rocks by neutron-activation analysis: D. | Morris and F. W 
Firiecp. (14 March 1961) 
Der Aufbau einiger Metall-Carbamatverbindungen: H. MALIssA and H. Kose. (15 March 1961) 


Coulometric titration by electrogenerated stannous ion: TAKEO TAKAHASHI and HIROSHI SAKURAI 
(15 March 1961) 


Coulometric titration of hydroxylamine and hydrogen peroxide by electrogenerated ceric ion: TAKEO 
TAKAHASHI and HIROSHI SAKURIA. (20 March 1961) 


Spectrophotometric determination of bismuth with Xylenol Orange after Dithizone-chloroform ex- 
traction: HIROSHI ONISHI and NASUMI ISHIWATARI. (20 March 1961) 


Spectrophotometric determination of vanadium with 3,3’-diaminobenzidine: K.L. CHENG. (24 Ma 
1961) 


Sur un principe de colorimétrie en milieux non-aqueux—III: L’emploi du chlorure de p-nitrophénylazo 
benzoyle pour le dosage des amines primaires et sécondaires: JAROSLAV BARTOS. (24 March 1961) 


5-Amino-2-benzimidazolethiol as an analytical reagent—I: Spectrophotometric determination of 


+ 


palladium. J. G. SEN Gupta. (27 March 1961) 








THE TALANTA MEDAL, 196] 


roe “wes rene “ 
fe me tete 





Professor R. BELCHER (U.K.) Chairman of the Advisory Board of Talanta and President 
of the Analytical Chemistry Section of 1.U.P.A.C., delivers the citation preceding the 
presentation of the Talanta Medal to Professor Fritz FeiGct (Brazil). The presentation 


ook place in the Ceremonial Hall of the Hungarian Academy of Sciences during the 
opening o 


f the Analytical Chemistry Congress of the Hungarian Chemical Society 
The Congress was held in Budapest on 24-29 April 1961 
table are Mr S 


Others, left to right, at the 
CZOTTNER (Hungarian Minister for Heavy Industry), Professor 


G. ScHuay (President of the Hungarian Chemical Society) and Professor I]. RUSZNYAK 


(President of the Hungarian Academy of Sciences) 


Medal 


is I 


were set forth in Talanta, 1959, 3, 217 


he first recipient was made in Talanta, 1961, 8, 17 





Professor BELCHER (U.K.) presents the 
Talanta Medal to Professor FEIGI 
(Brazil) while the President of the 
Hungarian Academy of Sciences looks 


on 


Professor f 


to Professor 


tions 


from 


SCHULEK (Hungary) extends 
FeIGL (Brazil) congratula- 
the Analytical Chemistry 


Congress 


Mrs. Szano (Hungary), Professor L. GORDON (U.S.A.), Regional Editor of Talanta and 
P.A.C., 


Secretary of the Analytical Chemistry Section of I. 


and Professor BELCHER 


(U.K.) examine the Talanta Medal with Professor FeiGt (Brazil) 





*-rofessor L. ErpeyY (Hungary) demonstrates the use of the derivative 


thermogravimetric balance to Professor FEIGL (Brazil) 





Professor K. JACIMIRSKIJ (U.S.S.R.) discusses common interests in analytical chemistry 


with Professor GORDON (U.S.A.) 


Professor JACIMIRSKI will be visiting U.S.A. for the 
Sixth International Conference on Co-ordination Chemistry at Detroit, Michigan, 
from 27 August to 2 September, 196] 


Both Professors delivered Plenary Lectures at 
the Congress 


iphs of the Analytical Chemistry Congress of the Hungarian Chemical Society 
vere taken by JENO IczkKovits and JozseF FARKAS 
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THE DETERMINATION OF TRACES OF IRIDIUM IN 
SAMPLES OF RHODIUM BY NEUTRON-ACTIVATION 
AND GAMMA-RAY SPECTROMETRY 


D. F. C. Morris, D. N. SLATER and R. A. KILLICK 


Brunel College of Technology, London, W.3., England 
(Received 17 October 1960 ccepted 31 October 1960) 


Summary—Neutron-activation analysis has been applied to the determination of traces of iridiun 
impurity in specimens of rhodium The Harwell Pile BEPO has been used as neutron source. The 
| 


method involved irradiation of samples and standards and their subsequent y-spectrometric assay 


no radiochemical separations were required 


IN a recent paper Morris and Killick’ have given details of the determination of 
traces of iridium in palladium and platinum by neutron-activation analysis. The 
method described involved radiochemical separation of the induced iridium activities 


using carriers. In the present work, the analysis of traces of iridium in rhodium by 


neutron-activation, without any chemical processing, is described. 
The nuclear characteristics of the isotopes involved when iridium is subjected to 


bombardment with neutrons of thermal energies are given in Table I. 


TABLE | NUCLEAR DATA FOR IRIDIUM 


Abundance Isotopic — 

: Product of , , » 

of nuclide activation Radiation and energy of Half-life 

thermal . 

in natural cross- product nuclide, of product 

nuclide neutron i 
element, section, Ve} radionuclide 

irradiation 


Target 


harn 
arns 


260 . IT e-(y) 0-056 (S1T)\(99-9 
0-056 (ca.0-1°%) 
700 — +-0-097 (1 
0-54 (35°), 0-67 (50%): 
EC (6%); y0°136, 0-296, 
0-308, 0-316. 0-468. 0-604. 


) 0-26 (8%). 


others 

2:24 (66°). 1-91 (15 

0-98 (10°%), 0°43 (ca. 8°%%): 
0-329 (others 0:29 to 2-05) 


EXPERIMENTAI 


Specimens of rhodium for analysis were in powder form and ca. 0-1-g samples were accurately 
weighed and sealed in silica irradiation tubes of 4-mm internal diameter. Iridium and rhodium both 
have large absorption cross sections* for thermal neutrons, 440 and 156 barns respectively. To avoid 
neutron self-shielding differences between samples and standards, therefore, standards were prepared 
by the admixture of small known quantities of iridium with analytical samples. This was done by 
adding weighed portions of dilute solutions of iridium [as (NH,).IrCl, in 3M HCl] to ca. 0-1-g 
samples of rhodium in silica tubes of 4-mm internal diameter. The liquid was allowed to soak into 


272 
$/3 
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powder, and then was carefully evaporated to dryness, after which the tubes were sealed. 
In the preparation of the standards, weights of iridium added were about 50°% of the weights of the 


element expected to be present in the samples 


Samples, together with standards containing added iridium, were packed with silica wool in 


ndard alum m screw-top cans and were sent to the Atomic Energy Research Establishment, 


radiation. Irradiations were for periods up to 1 week in the Pile BEPO with 


10** neutrons per cm* per sec 


Ray spectra of a sample of neutron 
irradiated rhodium 
on first day from end of irradiation 
B—on eighth day from end of irradiation 


on, samples and standards were removed from the silica tubes and distributed 
niformly over aluminium counting trays (A.E.R.E. cat. no. 4-3/1068). The silica tubes were rinsed 
out with hot water, and the resulting slurries on the counting trays were evaporated to dryness under 
1 radiant-heater lamp. (A preliminary experiment with iridium-192 tracer showed that the added 
ridium in irradiated standards was completely transferred from the silica tubes to the counting trays 
by this technique). The material on the trays was covered with Sellotape 
After 8 days from the end of neutron-irradiation, the samples and standards were measured at 
constant geometry with a y-ray spectrometer. The instrument used consisted of a l-inch x 13-inch 
thallium-activated sodium iodide crystal mounted on a 6097B E.M.I. photomultiplier tube. After 
amplification, the output pulses from the photomultiplier were passed into a single-channel pulse 
analyser and thence to a ratemeter. The output was fed into a recording potentiometer ganged to the 
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analyser bias sweep. In this manner it was possible to obtain a y-ray spectrum as a plot of counting 
rate vs. pulse height 

The intensities of the photo-peaks corresponding to y-rays of 0-316 and 0-47 MeV were measured 
in arbitrary units for samples and standards in turn. From the measured peak-heights, and the known 
weights of samples and standards and the known amounts of added iridium in the standards, the 


iridium contents of the samples could be calculated 


DISCUSSION AND RESULTS 
The y-ray spectrum of pure iridium-192 is shown in Fig. 1. Spectra of a sample 


of neutron-irradiated rhodium are shown in Fig 


TABLE II1.—RADIONUCLIDES PRODUCED BY (n,y) OR U(n,f) REACTIONS GIVING 
Y-RAYS WHICH COULD NOT BE DIFFERENTIATED FROM THI 
0-316 MeV IRIDIUM-192 y-RAY 
alf-life Mode of formation —_ enerey» 
Mel 
'Tb(n,3 0-299 
U(n,f 0-304 
rh(n,; 0-301, 0-313 
Crin. 0-320, 0-325 
‘Ru(n,’ ) 0-320 
=Os(n,3 
Bal p 
’'La(n,} 


Measurements of the decay of the peaks at 0-316 and 0-47 Me\ for samples of 


neutron-irradiated rhodium showed that after 8 days from the end of irradiation only 
y-rays from "Ir were being counted. 

Other activities which, after 8 days “cooling”, could possibly have interfered 
with the measurement of the 0-316 MeV and 0°468 MeV y-rays of "Ir are shown 
in Tables II and III. 

Some analytical results are shown in Table IV. 


TABLE Ill RADIONUCLIDES PRODUCED BY (n,yv) OR U(n,f) REACTIONS GIVING 
Y-RAYS WHICH COULD NOT BE DIFFERENTIATED FROM THE 
0-468 MeV IRIDIUM-192 y-RAY 


Nuclide Half-life Mode of formation oa Sci 
Vel 
aia 270 d 109Ag(n,7) 0-446 
ie 24-8 min 130Te(n,y) 1*!"Te(IT) 0-45 
‘Oe 30-6 hr 12Os(n,y) 0:46 
187W 24-0 hr 186W(n,y) 0:4795 
=e 11-Sd 130Ba(n,y) 0-498 
oe 40-0 hr 140Ba(p-), **La(n,y 0-487 
SRu 39-8 d U(n,f) 0-498 
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TABLE I\ IRIDIUM CONTENTS OF SOME SPECIMENS OF RHODIUM 
DETERMINED BY NEUTRON-ACTIVATION AND )/-SPECTROMETRIC 
ANALYSIS 
Iridium content found Iridium content found 
from 0°-316-MeV from 0:-468-MeV 
photopeak, photopeak, 


ppm ppm 


it is made to The Mond Nickel Company Ltd for the 


Ferme 


ncial support, and for a Research Fellowship to one of us 


9 making some valuable modifications to the y-ray spectro- 


Zusammenfassung—Neutronenaktivierungsanalyse wurde zur Bestimmung von Iridiumspuren in 


ingezogen. Der Harwellofen BEPO wurde als Strahlenquelle verwendet. Die 


ich auf Bestrahlung von Probe und Standard und anschliessender Zahlung det 


} no t 


ne radiochemische Trennung ist notis 


activation de neutrons a été appliquée au dosage de traces d'impurete 
tillons de rhodium. La pile BEPO de Harwell a été utilisee comme source de 
t intervenir lirradiation des échantillons et des temoins puis leur dosage 


ine separation radiochimique n'a eté nécessaire 
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THERMOGRAVIMETRIC DECOMPOSITION OF 
THORIUM 8-HYDROXYQUINOLATE* 


C. E. CROUTHAMEL and C. E. JOHNSON 
Chemical Engineering Division, Argonne National Laboratory 
9700 S. Cass Avenue, Argonne, Illinois, U.S.A 


(Received 29 November 1960 1c< epte d 30 January 1961) 


Summary—The thermogravimetric behaviour of crystalline thorium 8-hydroxyquinolate has beer 


be due 


correlated with empirical and molecular formulae. The first of two sharp breaks is shown to 
| 


to both water and oxine, and the second to oxine alone 


INTRODUCTION 
[HERMOGRAVIMETRIC Curves for the decomposition of the 8-hydroxyquinolates of 
various metals have been reported in a number of investigations. Frere,' Dupuis 
and Duval,° Borrell and Paris,’ and Wendlandt.’ in particular, have included the 
thorium 8-hydroxyquinolate in their studies. 

[here has been considerable interest in obtaining spherical particles of thorium 
oxide and mixed thorium-uranium oxides for use as a slurry reactor fuel. In the 
precipitation of thorium from homogeneous solution with 8-acetoxyquinoline, as 
reported by Salesin and Gordon” and Takiyama, Salesin and Gordon,® it was noted 
that the precipitate obtained appeared in the form of uniformly-sized spherical 
particles several hundredths of a mm in diameter. The particle geometry was not 
preserved, however, on heating above the decomposition temperature of the thorium 
8-hydroxyquinolate. 

Also, because some difficulty had been observed previously in obtaining reprodu- 
cible breaks in the thermogravimetric curves,' “it was of interest to repeat the pyrolysis 
on the relatively large crystalline precipitate obtained with the precipitation from 
homogeneous solution. 

EXPERIMENTAI 

rhe 8-acetoxyquinoline was obtained from the Burdick and Jackson Laboratories, 1953 S. Harvey 
St., Muskegon, Michigan. The melting point was 56 An infrared spectrum was supplied to demon- 
Strate the absence of 8-hydroxyquinoline with a melting point of 73 4 comparison of the two 
infrared spectra has been given by Salesin and Gordon 

The precipitation from homogeneous solution of thorium 8-hydroxyquinolate was made in the 
following manner 

Three g of 8-acetoxyquinoline were dissolved in a mixture of 30 ml of glacial acetic acid and 30 
ml of water in a 1-litre breaker; 500 ml of water were added. Then 25 ml of thorium nitrate stock 
solution, containing 600 mg of thorium, were added, and the pH was adjusted to 5-3 with ammonium 
hydroxide. The solution was heated to 50° and kept at this temperature for 2 hr. The precipitate 
appeared in about 10 min and was complete in about 2 hr. The cooled mixture was centrifuged, and 
washed twice with cold distilled water 

The washed precipitate was dried for several days at room temperature in a vacuum desiccator 
Drying was also done on the original precipitate in the balance chamber over-night, with dry argon 
sweep gas at room temperature; and a third procedure was drying at 50° for up to 24 hr with a sweep 
gas 

* Work performed under the auspices of the U.S. Atomic Energy Commission. 
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for the thermogravimetric pyrolysis studies was a Sartorius Selecta balance 


The balance used 
with recording attachment and amplifier. The output of the amplifier was displayed on a 
Bristol Dynamaster recording potentiometer giving a continuous record of weight change vs. time 
im suspended by a nickel chain into the reaction furnace, situated directly below 


til I a v« t 
vection currents from the furnace were kept out of the balance by a baffle and 


A gas distribution manifold allows a choice of reaction gas. All gases passed 
The sample temperature was 


rnace belore entering the main reaction furnace 
ited thermocouple positioned directly beneath the sample-pan 
e furnace was controlled by a West pyrometer controller. A standard 
300-mg sample were used in allexperiments. 17 he 300-mg sample was 


irea of about 3 cm 





Temperature, a 


thorium 8-hydroxyquinolate 


Ol 


from homogeneous solution 


to the thermogravimetric behaviour, the thorium and oxine content of the solid 


at the plateaus of thermal stability Analyses were made, both on 


from the thermobalance by stopping the run at a plateau, and on 
separate apparatus to the temperature of the plateau on the 


eating 
{ 


samples that were removed 
hat had been heated in a 


samples t 
thermogram 

content was determined by an air ignition at 950° to yield thorium dioxide. The 
4 known quantity of thorium 8-hydroxyquino- 
The acid decomposes the thorium 
At lower acid 


The thorium 


oxine content was obta 
late was dissolved in Q-1N HCI and diluted to a known volume 


complex, but yields a solution of the 8-hydroxyquinoline which is stable for days 


ined spectrophotometrically 


concentration the presence of the thorium in solution may enhance the absorbance due to oxine alone 
At the low thorium concentrations involved here, however, and in 0-1N HCl, no effect was observed 
he pure 8-hydroxyquinoline were dissolved in 0-1N HCI and diluted to a known volume 


A Model 11 Cary recording spectrophotometer was employed to record the 


t 


Crystals of t 
for use as standards 
oxine spectrum in the region of 400 to 290 my 

A vertical furnace equipped with a large Pyrex tube was employed, so that material which sub- 
limed or vaporised, in the heating of weighed samples of thorium 8-hydroxyquinolate at a given 


temperature, could be condensed on a cold section and removed for analysis. The breaks shown in 


Fig. 1 were easily associated with the appearance of a ring of condensed water vapour and/or 8- 
rhe temperature rise was 


hydroxyquinoline crystals on the wall of the cold section of the Pyrex tube 
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arrested at about the point of the maximum slope (Fig. 1), and the condensate was collected for a few 
additional min. 


DISCUSSION 


rhe analysis of the condensate on the Pyrex tube walls, summarised in Table I, 
demonstrated very clearly that the first break yielded two products, water and crystal- 
line 8-hydroxyquinoline. This result was obtained on material that had been dried 
at 50° for up to 24 hr, and also on material dried at room temperature (25°) in a 
vacuum for 24hr. The droplets of water vapour condensate were easily distinguished 
from the sharp needle-like crystals of oxine on the Pyrex tube wall. In slow heating, 
it was observed that some oxine crystals formed on the cold wall before the appearance 
of water droplets, but it was not possible to obtain a clearly observable thermal 
plateau for each product lost in the first thermal break. 

Only the needle-like crystals of oxine were observed to condense on the tube 
wall at the second break in the curve. Analysis of the condensate substantiated the 
view that the total weight loss at this temperature was due solely to oxine. At both 
temperatures, the visible and ultraviolet spectra of the condensate indicated no evidence 
of degradation of the oxine. 


TABLE | SUMMARY OF THE ANALYSIS OF THORIUM 8-HYDROXYQUINOLATE SOLIDS AND THEIR FURNA( 


CONDENSATES AFTER HEATING AT THE THERMAL PLATEAUS 


Numerical results given for analysis of 300-mg samples 


] . 1 | > 
Empirical formulae Analytical results’ with Weight losses calculated from 


standard deviation postulated formulae 


Th(Ox)4.¢°2H,O Analysis of the oxine and Precipitates dried below 
M.W 60 (yellow) thorium content gave 50° in air or vacuum for 
4-80 0-03 24 hr 


Th(Ox),., H,O% 11-4 0-3 mg H.,O 11-2 mg 
M.W 895 (yellow-green) Oxine’ 8-9 0-15 mg Oxine 9-00 mg 
Thermogratv. loss 20-0 2 Thermograv. loss 20-2 mg 
Ox ine 4-60 0-05 Max temperature ¢ mployed 
Th 165 


Th(Ox), Thermograv. loss 27-0 3 H,O 0-0 
M.W 809 (green) Oxine’ 27-3 0:4 mg Oxine 27:0 mg 


Oxine . Thermograv. | 27-0 mg 
“— = 4-00 + 0-05 citiaa he. sing : 


Th Max. temperature employed 230 


Takiyama, Salesin and Gordon® have also obtained a value of 4°8 on crystalline material formed by 
precipitation from homogeneous solution 

Oxine on furnace walls determined spectrophotometrically 

Mg of water obtained by the difference of losses observed in the thermogravimetric analysis at the fir 
break shown in Fig. | and the oxine loss obtained by analysis of the Pyrex tube wall deposits 

Analytical results are summarised from 5 experiments using 3 different samples each precipitated from 
homogeneous solution. One sample was furnished by Louis Gordon, Case Institute of Technology 
Cleveland, Ohio 


It was also observed that the original material [Th(OX),.s°2H,O] was quite 
soluble in dry methyl alcohol, yielding a yellow solution. However, the same re- 
arrangement, or a very similar rearrangement to that which had occurred on heating, 
took place rapidly in solution. Shortly a new precipitate appeared which, when 
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analysed, indicated a mole ratio of oxine to thorium of 4:1. Large amounts (1-0 g) 
of the hydrated thorium oxine. when stirred with approximately 100 ml of dry methyl 
alcohol for about one hour, were converted completely to Th(Ox), by a continuous 
dissolution and re-precipitation. This may offer a precise method of adjusting the 
thorium oxine stoichiometry, since the released excess oxine and water appear to be 


more easily volatilised with the alcohol at 100° or less. 


No effort has been made to make detailed comparisons of various thermo- 


gravimetric values. Borrell and Paris’ and Wendlandt* and this work are all in general 
agreement that the normal thorium oxinate, Th(Ox),, is obtained by heating at or 


oiwis 


slightly above 275°, 250° and 225 


respectively. Takiyama, Salesin and Gordon,° 
however, with conventional drying for 10 hours at 180°, also have obtained the normal 

rhe rate of decomposition of a solid, and in turn the effect as re- 
flected in thermogravimetric curves, has been neglected in many studies. This has 
led to difficulties in relating thermogravimetric behaviour to conventional gravimetric 
analysis. It is appropriate to point out that precise designation of reaction tempera- 


1 
tures | 


»y thermogravimetric analysis is problematical, and is dependent on the experi- 
litions used. This point is discussed by Markowitz and Boryta.* 

agreement in attaining the thorium oxide level has been pointed out 
by Wendlandt.* In this work we have not been able to obtain a stable thorium oxide 
level in the thermogravimetric balance in the 600—700° range, as reported by both 
Wendlandt,* and Borrell and Paris. Dupuis and Duval* found that a stable oxide 
level was not obtained at 5 \ similar problem in the minimum ignition tempera- 
ture of aluminium oxide has been studied by Milner and Gordon.‘ 


Zusammenfassung—Die thermogravimett } ‘rsetzung von kristallinem Thoriumoxinat wurde mit 
sche ( lol larformeln ri t r erste von zwei scharfen Knicken wird durch 


Wasser und Ox der zweite durcl allein verursacht 


Resume — | ont re idécomy tion thermogravimetrique du composé cristallin thorium-8 
moléculaire. On montre que la premiere des deux 


] ] lies , > . 
et la sedonde a l’oxine seule 
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PHOTOMETRISCHE TITRATIONEN 


ALLGEMEINE BETRACHTUNGEN UND DIE THEORIE 
CHELOMETRISCHER TITRATIONEN OHNI 
ANWENDUNG EINES INDICATORS 


H. FLASCHKA 


School of Chemistry, Georgia Institute of Technology, Atlanta, Ga., | 
(Received 7 December 1960 iccepted 19 December 1960) 


Zusammenfassung—Es werden Besonderheiten von chelometrischen Titrationen mit photometrischem 
Endpunkt ohne Indicator aufgezeigt. Formeln zur Berechnung der Titrationskurven werden abge- 
leitet. Es wird gezeigt, dass im Falle der Titration eines einzelnen Metalles eine wesentlich geringere 
Stabilitat des Titrationskomplexes toleriert werden kann, als bei anderen | ndpunktsmethoden, die 
nicht auf Extrapolation beruhen Fiir die Titration zweier Metalle hintereinander in ein und 
derselben Lésung ist ein Unterschied (Quotient) in den Stabilitétskonstanten von etwa 100-200 
ausreichend. Mdglichkeiten der photometrischen Indication ohne Indicator in Kombination mit 
anderen Endpunktsmethoden werden diskutiert und vom Standpunkt des Selektivitatsproblemes 


aus betrachtet 


IN einer seinerzeit erschienenen Arbeit hat der Autor die Endpunktstheorie chelo- 
metrischer Titrationen behandelt.' Formeln wurden abgeleitet, anhand derer man die 

Die Behandlung des 
Stoffes wurde aufgrund der Beziehungen zwischen Volum an Massl6sung und 
pM( log M) durchgefiihrt. Es war eindringlich darauf verwiesen worden, dass 
die Verhaltnisse eine einschneidende Anderung erfahren, wenn der Endpunkt ohne 
einen visuellen Indicator ermittelt wird und dass im besooderen die Anwendung 


graphischer Methoden dazu fiihrt, dass weniger strikte Bedingungen fiir die Durch- 


fiihrung der Titration toleriert werden k6nnen. 

Grundsatzlich muss zwischen zwei verschiedenen graphischen Methoden unter- 
schieden werden. Die eine Gruppe von Methoden umfasst solche, die “im Endpunkte”’ 
arbeiten, wie z.B. potentiometrische Titrationen. Hier wird der Wendepunkt in det 
litrationskurve ermittelt und zwar aus dem Kurventeil nahe vor und nach dem End- 
punkt. Unter diesen Bedingungen wird jener Teil der Kurve verwendet, wo das 
Gleichgewicht des zu messenden Systems in einem unginstigen Mittelstadium schwebt 
und den héchsten Grad der Dissoziation des Titrationskomplexes aufweist. Die 
zweite Gruppe von Methoden verwendet zur Ermittlung des Endpunktes eine Extra- 
polation. Der eine Kurvenast, der zur Extrapolation herangezogen wird, liegt im 
Bereich, wo Metallionen im Uberschuss vorhanden sind und somit das Gleichgewicht 
nach der Seite geringerer Dissoziation des Titrationskomplexes verschoben ist. Der 
zweite Ast liegt im Bereich, wo Titrationsmittel im Uberschuss vorhanden ist und auch 
hier ist das Gleichgewicht in giinstigem Sinne nach der Richtung geringerer Dissoz- 
iation des Titrationskomplexes verschoben. Methoden, die nach diesem Gesichts- 
punkte arbeiten, sind z.B. Leitfahigkeits-, amperometrische und photometrische 
Titrationen. 

Soweit es photometrische Titrationen schwacher Sduren und Basen betrifft, sind 
zahlreiche Beispiele in der Literatur vorhanden, die eindeutig den enormen Vorteil 
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dieser Methode demonstrieren. Auch die theoretischen Grundlagen solcher Titratio- 
nen sind bearbeitet worden. Ein ausgezeichneter Artikel von Goddu und Hume? 
behandelt diese Art von Titrationen eingehend. Andere Autoren haben wesentlich zu 
diesem Gebiete beigetragen.** Eine letztlich erschienene Zusammenfassung von 
Headridge® bringt ein bis auf die jiingste Zeit vollstandiges Literaturverzeichnis. 

Goddu und Hume? haben darauf verwiesen, dass eine ahnliche Behandlung, wie 
sie fiir Sdure-Basentitrationen gegeben wurde, auch fiir komplexometrische Titrationen 
méglich ist. Es wurde jedoch bislang die Theorie komplexometrischer Titrationen 
ohne Indicator nicht im Detail durchgearbeitet. Wohl aber existiert eine Behandlung 
fiir Titrationen mit einem Indicator.® 

Bereits nur anfanglich angestellte Berechnungen zeigten sehr rasch, dass die 
Méglichkeiten komplexometrischer Titrationen ohne Indicator und mit photo- 
metrischem Endpunke sehr unterschatzt worden sind. Photometrische Endpunkts- 
anzeige mit einem Indicator wurden haufig verwendet und zwar immer dann, wenn es 
sich um einen fiir das Auge schleppenden Umschlag handelt oder aber, wenn kleine 
Stoffmengen zu titrieren waren, so dass Indicator und zu titrierendes Metall bereits in 
vergleichbaren Mengen vorlagen. Auch zur Erzielung héherer Genauigkeit, bei an 


13 


sich recht gut arbeitenden Indicatoren, wurden solche Titrationen herangezogen.’ 


Im Hinblick auf zwei wichtige Punkte jedoch sind Untersuchungen vernachlassigt 


worden. Einmal sollte es méglich sein, aus der Extrapolationsmethode Kapital zu 
schlagen und Komplexbildner zur Titration heranziehen, die so schwache Komplexe 
bilden, dass mit visueller Indication kein befriedigendes Resultat zu erhalten ist. 
Zweitens aber sollte es méglich sein, dem Selektivitatsprobleme naher zu treten, wie 
aufgrund der in der oben erwahnten, friheren Arbeit vorauszusehen war. Im Falle 
einer Titration ohne Indicator ist der zur Titration von zwei Metallen (in derselben 
Lésung) nétige Unterschied in den beiden Stabilitatskonstanten wesentlich geringer. 
Beide Moglichkeiten liessen sich aus einigen Beispielen in den Arbeiten erkennen, die 
liber photometrische Titrationen ohne Indicator ver6ffentlicht wurden.~"” 

In welchem diese Méglichkeiten praktische Anwendung finden kénnen und was zu 
ihrer Abschatzung an theoretischem Ristzeug ben6tigt wird, soll hier nunmehr 


behandelt werden. 


(A) Chelometrische Titration eines Metalles ohne Indicator 


Es sei angenommen, dass ein Metall M mit einem Komplexbildner Y titriert wird, 
wobei ein 1:1 Komplex nach der Gleichung 


M Y MY (1) 


gebildet wird. Ladungszeichen, weil fiir den Prozess der Komplexbildung unwesent- 
lich, sind weggelassen. 

Im allgemeinsten Falle muss angenommen werden, dass alle drei vorhandenen 
Teilchenarten bei der gewahlten Wellenlange absorbieren. Wird die Giiltigkeit von 
Beer’s Gesetz vorausgesetzt, dann ist die gemessene Gesamtabsorption gleich der 
Summe der Teilabsorptionen, was mathematisch wie folgt ausgedriickt werden kann: 

A de {i} | (1) 


Hier bedeuten A die Totalabsorption, « den molaren Extinktionskoeffizienten, [i] die 
Konzentration der Spezie i in Mol per Liter und | die Lange des Lichtweges. Da 
wahrend einer Titration die Lange des Lichtweges konstant ist, kann Gleichung (1) fiir 
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alle weiteren Zwecke vereinfacht werden, indem man .; k. zusammenfasst . 


womit sich ergibt: 


A = Yk, fi] (2 


In jeder Phase der Titration miissen die folgenden beiden Gleichungen erfiillt sein 
C,, = [M] + [MY] (3) 
Cy fY] + [MY] (4) 


Als weitere Gleichung kommt noch die Definition der Stabilitéatskonstante des 
Komplexes hinzu, namlich 


[MY] 
———-— (5) 
[M][Y] 

Es sei ausdriicklich darauf verwiesen, dass es sich hier um die scheinbare Stabili- 
tatskonstante handelt, die aus der absoluten Konstante durch einbezug des «- und 
}-Faktors errechnet werden kann, um dem Einfluss des pH der Lésung sowie der 
Anwesenheit allenfalls vorhandener, weiterer Komplexbildner Rechnung zu tragen. 
Uber Berechnungen dieser Art siehe.'*. 

Die bisher gegebenen Gleichungen geniigen um eine photometrische Titrations- 
kurve zu berechnen. Im einzelnen verlauft die Ableitung wie folgt. Gemiss (2) gilt fiir 
den in (1) dargelegten Fall 

A [M]k x [MY ]k ary [Y ]k, (6) 
Fiir theoretische Studien ist es vorteilhaft, anstatt Milliliter Masslésung auf der 
Abszisse den Komplexationgrad “a” aufzutragen, der gemass folgender Gleichung 


definiert ist: 


Kombination von (7) mit (3), (4) und (6) ergibt 
A C,,[A MY kya 1)] (Ky ky k wy) [M] (3) 
worin nunmehr auch [M] als Funktion von a auszudriicken ist. Dies geschieht, indem 
man in (5) durch Heranziehen von (3) und (4) [MY] und [Y] eliminiert und nach [M] 
auflést, was folgenden Ausdruck liefert 
[KC,(1 — a) — 1] + V[KCy(1 — a) — 1P + 4KCy 


[M] 7 ———$——$_——_—_—_——— (9) 





Nur das positive Zeichen der Wurzel hat physikalische Bedeutung, was man leicht 
zeigen kann, da fiir a = 0 die Lésung der Gleichung sein muss [M] = Cy. Kom- 
bination von (8) und (9) ergibt den endgiiltigen Ausdruck zur Berechnung der 
Titrationskurve 


r 


~ 


1+ V [kCy(1 — a) — 1P AKCy |) 
e 





(10) 
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Die Anordnung der Glieder in (10) ist so bewerkstelligt, dass man leicht erkennt, 


dass bei gegebenen Absorptionkoeffizienten der Verlauf der Kurve in der Hauptsache 


vom Parameter KC,, abhiangt. 

In vielen praktischen Fallen wird der Komplexbildner farblos sein und u.U. auch 
das Metallion, oder aber man kann die Wellenlange des eingestrahlten Lichtes so 
wihlen. dass diese beiden Teilchenarten nicht absorbieren. Dann vereinfacht sich 
Gleichung (10) wegen ky = ky 0 zu 

A=kKyy(Cy [M]}) (11) 


worin [M] nach (9) zu berechnen ist. 
Einige Titrationskurven fiir wechselnde Werte von KC y sind in Abbildung 1, 2 u. 3 








r die Bestimmung eines einzelnen Metalles 
10 Ay 100, KC 1000 


gezeigt. Je niederer der Wert von KC,, desto eher weicht die Titrationskurve am 
Anfang von einer Geraden ab und desto spater nach dem Endpunkt geht sie in eine 
Horizontale ber. Theoretisch kénnen dusserst geringe Werte von KC, toleriert und 
immer noch brauchbare Resultate erhalten werden, wenn man die Extrapolation mit 
Teilen der Kurve geniigend nahe dem Anfangspunkt und weit genug nach dem 
Endpunkte durchfiihrt. Soweit es das Anfangsstiick betrifft treten in der Praxis jedoch 
Schwierigkeiten auf, da die Absorptionsmessungen sehr kleine oder sehr grosse Werte 
aufweisen und wenig prazise sind. Fur das Endstiick ist zu bedenken, dass der Weg, 
mit a zu operierem, gleichbedeutend ist mit einer Vernachlassigung der durch den 
Reagenszusatz bedingten Verdiinnung (siehe spater). 

Formel (11) gestattet es, unter Annahme plausibler Bedingungen, fir KCy eine 
rohen Grenzwert zu berechnen, mit dem ein noch brauchbares Resultat erhalten 
werden kann 

Es sei angenommen, dass die Kurvatur am Beginn so gering ist, dass zwischen dem 
Punkte a = 0 und a = 0,5 die Annaherung an eine Gerade praktisch hinreichend 
gegeben ist. Nach dem Aquivalenzpunkt sei die Kurve als horizontal angesehen, wenn 


der Anstieg zwischen a 2 und a = 2,5 nur mehr | % betragt. 
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2—<—<—$—$_$_———_— 








trationskurve fiir die Bestimmung eines einzelner 


kuy 100, KC y 100 








ABBILDUNG 3 litrationskurve fiir die Bestimmung eines einzelnen Metalle 
“ 5 10°, Cy 10-*, Aywy 100, KCy 50 

Werden diese Annahmen auf den verinfachten Fall der Gleichung (11) angewandt, 
ergibt sich folgendes. Die erste Gerade ist gegeben durch zwei Punkte mit den 
Koordinaten a = 0, A = Ounda = 0,5,A Ay, Hierbei ist Ag, die Absorption im 
Punkte a = 0,5; sie kann nach (11) berechnet werden. Die zweite Gerade ist gegeben 
durch die beiden Punkte a = 2, A = A, unda = 2,5, A = A, ;. Zusatzlich muss die 
Bedingung erfiillt sein, dass sich die beiden Geraden im Punkte mit den Koordinaten 
a = 1 und A = A, schneiden. Es muss nun gefunden werden, fiir welchen Wert von 
KC y, diese Bedingung erfiillt ist. 


Die erste Gerade wird durch die Gleichung wiedergegeben 


A = 2A);a 
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die zweite durch 
A = A, (0,96 + 0,02a) (13) 


da ja A, 1,01 A, ist, gemass der Annahme, dass die Zunahme der Absorption 
zwischen den beiden Punkten nur | % betragt. 
Wird (12) gleich (13) und in dem resultierenden Ausdruck a | gesetzt, so erhalt 


man die Bedingungsgleichung 


2A, = 0,98 As (14) 


Errechnet man aus (11) die entsprechenden Werte fiir Ay , und Ag, setzt sie in (14) 
ein und lést nach KC,, auf, so erhalt man den Wert KC, ~ 50. 

Dies ist ein erstaunlich niederer Wert. Demnach kann z.B. eine 0,01 molare 
Metallionenlésung erfolgreich titriert werden, wenn die Stabilitatskonstante des 
gebildeten Komplexes nur 5000 betragt. Eine Kurve mit diesem Werte wurde 
berechnet und ist in Abbildung 3 dargestellt. Die Abbildung enhalt auch die ent- 
sprechende pM-Kurve [berechnet mittels (9)]. Es ist klar zu erkennen, dass eine 
derartige pM-Kurve keinerlei Hoffnung auf einen auch nur einigermassen brauchbaren 


Endpunkt offen lasst, was immer auch die Methode seiner Festlegung sei. 


Natiirlich ist das durchgerechnete Beispiel nur ein Idealfall. Es wurde angenommen, 
dass kyy geniigend hoch liegt. Der Einfluss dieses Parameters spielt in der Praxis 
eine erhebliche Rolle. Man kann jedoch durch geeignete Wahl der Lichweglange diese 
Grésse in ziemlich weiten Grenzen variieren. Wesentlich schwerwiegender ist die 
Idealisierung, die sich durch Verwendung von a als Abszissengrésse ergibt. In der 
Praxis kann a nicht verwendet werden, da ja zu seiner Berechnung die Kenntnis von 
C,, benétigt wird; die Ermittlung dieser Grosse jedoch ist zweck der ganzen Analyse. 
Fiir den Fall einer tatsachlichen Titration kénnen nur Milliliter Masslésung auf der 
Abszisse aufgetragen werden. Um dieser Sachlage gerecht zu werden, miissen die 
Formeln modifiziert werden. Dies geschieht auf folgendem Wege. 

C4, ist nicht mehr langer konstant, sondern andert sich im Verlauf der Titration 
und muss fiir jede Zugabe von Massl6sung gemiass folgendem Ausdruck berechnet 


werden: 


(15) 


Worin C,,° die Anfangskonzentration, V das Anfangsvolum und b das Volum an 
Millilitern zugesetzter Masslésung bedeuten. 


Cy lasst sich wie folgt ausdriicken 


(16) 


worin ausser den schon oben beschriebenen Symbolen noch m aufscheint, welches die 
Molaritat der Masslésung bedeutet. 
Die Kombination von (7), (15) und (16) ergibt nun den Ausdruck 


mb 


is (17) 
M 


der in allen zustandigen Gleichungen einzusetzen ist. Geschieht dies, so erhalt man 
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fiir die Berechnung der Titrationskurve folgende Gleichung 
(k VI 


woring [M] nach folgender Formel zu berechnen ist: 
K ‘ 0 V 

C \I 

l \ 


V mb 

Kew V5 NG 

[M] — — . —__—- 
2K 


Fiir den vereinfachten Fall, dass nur die Spezie MY absorbiert ergibt sich 


C,,°V 
kuv 45 : [M]} 


worin [M] ebenfalls durch (19) ausgedriickt werden muss. 
Die Gleichung ist ungleich komplizierter als (11); sie geht fur die Bedingung 
b in (11) tiber. 

Ein Versuch, einen Mindestwert fiir KC,,° zu berechnen, scheitert daran, dass im 
Zuge der Rechnung Gleichungen von so hoher Ordnung auftreten, dass ihre Lésung 
algebraisch nicht mehr méglich ist. Es ist daher einfacher vom Falle der vernach- 
lassigten Verdiinnung (operieren mit a) einen plausiblen Schluss zu ziehen und 
anzunehmen, dass ein KC y,°-Wert von etwa 200-500 noch gute Resultate liefern wird 
und diesen Schluss dann experimentell zu priifen. 

Wie schon oben dargelegt, wird es mit fallendem AC,-Wert notig, die Extra- 
polation der ersten Geraden so nahe am Anfangspunkte zu beginnen als nur méglich. 
Fiir die zweite Linie wird man recht weit hinter den Aquivalenzpunkt gehen. Letzteres 
jedoch bedeutet Zugabe einer betrachtlichen Menge an Masslésung, selbst wenn diese in 
recht hoher Konzentration vorliegt. Im allgemeinen kann man bei diesen Arten von 
Titrationen der Verdiinnung Rechnung tragen, indem man eine Korrektur anbringt. 
Dies geschieht durch Multiplizieren von A mit dem Faktor (V + b)/V. Wird jedoch 
ein sehr schwacher Komplex als Grundlage der Titration herangezogen, so muss 
bedacht werden, dass die Verdiinnung in zwei verschiedenen Richtungen wirkt. 
Einmal wird die abgelesene Absorption geringer sein als Folge einer lediglichen 
Verdiinnung der “Farbe” der Lésung. Anbringen der Korrektur tragt diesem Um- 
stande véllig Rechnung. Zum anderen wird jedoch in der verdiinnteren Lésung der 
Komplex starker dissoziieren. Diese Verschiebung des Gleichgewichtes wird natiirlich 
nicht korrigiert. 

Ausser in einer sehr ungiinstigen Situation ist jedoch dieser Faktor nicht von zu 
grossem Einfluss, wie man aus Abbildung 4 erkennen kann. Ohne Korrektur fir die 
Verdiinnung ist der gefundene Wert wesentlich zu nieder (9,25 statt 10,00). Nach 
Korrektur der Kurve ergibt sich 10,19 was nur um 2% zu hoch ist. Die pM-Kurve ist 
fiir eine Endpunktsfestlegung, nach welcher Methode auch immer vorgegangen wird, 
absolut unbrauchbar. 
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Deshalb ergibt sich hier also im allgemeinen die Forderung, mit méglichst konzen- 


trierten Masslésungen zu arbeiten, nicht nur aus dem sonst iiblichen Grunde, dass das 
Anbringen der Korrektur zeitraubend und umstiandlich ist, sondern vielmehr, weil 
die Korrektur die Verzerrung der Kurve einfach nicht véllig beheben kann. Doch 
kann diese Kompensation nicht beliebig weit gegetrieben werden. Einmal gebietet die 
Léslichkeit des Titrationsmittels ein Halt, zum anderen bendtigt man feiner geteilte 


Biiretten mit kleinerem Fassungsraum, was ebenfalls begrenzt ist. 





r die Bestimmung eines einzelnen Metalles ohne und mit 
jer Verdiinnung durch das Titrationsmittel 
” 100, KCy 50, V 100 ml, m 10 
ometrische Titration von zwei Metallen nacheinander in derselben Lésung, 
e Verwendung eines Indikators 
Wenn zwei Metalle zu titrieren sind, werden die mathematischen Ableitungen 
wesentlich komplizierter, weshalb hier nur auf die Behandlung des Falles eingegangen 
wird, wo die Verdiinnung vernachliassigt werden kann. 
Die Stabilitaétskonstanten der Komplexe der beiden zu titrierenden Metalle M und 
N sind gegeben durch 
[MY] 
[M][Y] 
[NY] 
[IN]LY] 
In jeder Phase der Titration miissend die folgenden drei Gleichungen erfiillt sein 
Cu [M] [MY } (23) 
Cr [N] [NY] (24) 
Cy [Y] [MY] [NY] (25) 
Es ist offenkundig, dass die Méglichkeit, beide Metall in derselben Lésung 
hintereinander zu titrieren, einmal vom Unterschied in den Stabilitaétskonstanten der 


(21) 


(22) 
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Komplexe abhangt. Um diesem Umstande Rechnung zu tragen, wird der Quotient 
“Q” eingefihrt, definiert gemiss 


Q 
Kx 
Zum anderen wird die Titration beider Metalle nur méglich sein, wenn die zu titri- 
erenden Spezies und/oder die gebildeten Komplexe optisch differenziert werden 
k6énnen, sodass zwei klar unterscheidbare Knicke in der Titrationskut 
Aste aufweisen muss) auftreten. Ob und in welchem Masse dies der Fall i 
. 


den k-Werten der beteiligten Teilchenarten ab, denn Gleichung ( 


diesen Fall giiltig. 


Unter Verwendung der einschlagigen Gleichunge sich der Ausdruc 


| 
t 


Berechnung der Titrationskurve wie folgt able 
In Gleichung 
aufscheint. Hierzu erhalt 
sich [Y] = (¢ [M IK ies in Kombination 
INY] b 
(¢ 





Ein Versuch. 
Grades in [M], was fiir praktische ‘iten u auchbar Is m die Titrationskurve 
zu berechnen l6st man daher n uf und berechnet un kehrt de ur verschie 


dene [M] Werte 
eewun ch en Z ere 
j 


(M] | c 
() 


< 





iihrt man weiters noch den Titrationsgrad 
[M] 
[M] | Cs [M] 
Q 
M] 





Zur Berechnung der Absorption seien die folgenden, zum Teil vereinfachenden 
Annahmen gemacht. Metall M bilde den stabileren Komplex, d.h. es wird also zuerst 
titriert. Die einzige, bei der gewahlten Wellenlange absorbierende Spezie ist NY. 
Dann ergibt sich unter Anwendung von (2) und entsprechendem Ersatz von [NY] 

A = k,y[NY] =/ Loc C A oon 3 
/ CNY CNY id I ( I (30) 
| [M]Ky 
Verschiedene [M]-Werte werden angenommen und mittels (29) wird a berechnet; die 
so erhaltenen Werte fiir a sowie die korrespondierenden [M]-Werte werden in (30) 
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eingesetzt und liefern die Absorptionen, sodass die Titrationskurve konstruiert 
werden kann. Kurven fiir verschiedene Werte von Q und K,, sind fiir A4quimolare 
Mischungen der beiden Metalle berechnet worden und in den Abbildungen 5-9 


dargeste 











litrationskurve zur Bestimmung von zwei Metallen 


ABBILDUNG 6 
0, kxy 100. 


Ky 10 Kx 10°, Q 100, Cy Cr 10-*, Ay kx ky 


Zum Vergleich sind auch die entsprechenden pM-Kurven eingezeichnet. Auch hier 
zeigt sich wieder deutlich die Uberlegenheit der photometrischen Titration. 

Die Verhialtnisse liegen hier jedoch wesentlich komplizierter. Der Kurvenverlauf 
ist einmal abhangig von Q. Das heisst, je grésser Q ist, desto besser lassen sich die 
beiden Metall getrennt erfassen. Zum anderen spielt aber auch die Grdsse von Ky 
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2 








ABBILDUNG 7 Titrationskurve zu 
10'". Kx ‘> a 10, Cy 








ABBILDUNG 8.—Titrationskurve zur Bestimmung von zwei Metallen. 
Ky 10°, Kx 10° Q 100, Cy Cy 10-* ky kx kuy 0, Any 100. 


eine entscheidende Rolle. Ist der Wert dieses Parameters klein (absolut und noch 
wesentlicher im Vergleich zu C,,;) so wird, wie zu erwarten, die Lokalisierung des 
ersten Endpunktes schwierig. 

Es ergibt sich fiir A4quimolare Gemische der immerhin erstaunlich niedere, unge- 
fahre Mindestwert fiir Q (bei annehmbar hohem K,,) von etwa 100. Auch dies ist ein 
unter Idealbedingungen abgeleiteter Wert und entsprechende Modifikationen sind 
ndtig, wenn die Konzentrations-verhaltnisse der beiden Metalle und die k-Werte 


ungiinstig liegen. Aber auch dann ist die photometrische Titration der visuellen oder 


anderen, ohne Extrapolation arbeitenden Titrationen deutlich tiberlegen. 
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vernachliassigt, so miissen wie im einfachen Falle der 

Konzentrationen der drei Reaktanten durch 

erden. Dies fuhrt zu einer Gleichung, die 

handhabt werden kann, wobei aber der Rechenaufwand so gross 
gewonnenen Erkenntnisse mit der hineingesteckten Arbeit kaum 

Man muss bedenken, dass die interessantesten Fille jene sind, 

1 tolerierbaren Grenzen befindet. Unter diesen Umstanden 

der Konzentration und vor allem in den scheinbaren 

ht grosse Rolle. Die scheinbaren Stabilitaétskonstanten 

Fallen nicht berechnet werden. In einem tatsachlichen Titrations- 
ionale Starke kaum gleich der, fiir welche die absoluten Konstanten 
Anwesenheit zusatzlicher auch nur schwacher Komplexbildner verur- 
Anderungen, die oftmals mangels der nétigen Daten nicht rechnerisch 
asst werden kénnen. Alle Parameter unterliegen wahrend der Titration kleinen 


Anderungen. Diese und noch andere Einfliisse, wie z.B. das auch nur teilweise 


\uftreten von sauren und Hydroxokomplexen, machen eine exakte Berechnung 
schwierigm, wenn nicht iberhaupt unméglich. Es ist wesentlich einfacher fiir ein im 
fraglichen Bereich liegendes System, anstatt es durchzurechnen, die Prifung im 
f xperiment heranzuziehen. 

Nichtsdestoweniger aber sind die abgeleiteten Formel fiir rohe Abschatzungen von 
Wert. Vor allem aber ermutigen sie Systeme zu untersuchen, die man 


\ 


grossem 


ansonsten als aussichtslos nie in naheren Betracht gezogen hatte. 


(C) Betrachtungen tiber einige weitere Moéelichkeiten 

Die sich aus den obigen, theoretischen Betrachtungen ergebenden MOoglichkeiten 
k6nnen, soweit es praktische Anwendungen betrifft, noch vorteilhaft erweitert werden, 
indem man die beschriebenen Methoden mit anderen kombiniert. Das lisst sich z.B. 
am System Kupfer-Nickel zeigen. Wie schon in friiher erschienenen Arbeiten gezeigt 
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wurde,”*! kann Kupfer sehr leicht und stérungsfrei neben Nickel (und anderen 
Metallionen) bestimmt werden, wenn man mit TRIEN bei pH 5-6 photometrisch ohne 
Indicator titriert. Nickel anschliessend durch weitere Zugabe von TRIEN zu erfassen ist 
nicht gut mOglich, da die durch das Nickel hervorgerufenen Absorptionsanderungen 
(auch in anderen pH-Bereichen) zu gering sind. Wohl aber kann man durch einfache 
Zugabe von Ammoniak und Murexid Bedingungen schaffen, unter denen photo- 
metrisch ein scharfer Endpunkt resultiert. Dergestalt kbnnen Kupfer und Nickel in 


ul 


derselben Lésung hintereinander titriert werden. Ahnliche Méglichkeiten sind fiir 


weitere Systeme in Ausarbeitung und uber die Resultate wird spater berichtet werden 

Man kann weiters zwei Metalle mit zwei verschiedenen Indicatoren und wenn 
ndtig zwei verschiedenen Massl6sungen hintereinander titrieren, was visuell praktisch 
unméglich ist, da in fast allen Fallen der erste Indicator das Erkennen des zweiten 
Umschlages fir das menschliche Auge unméglich macht. Die Photozelle des Titra- 
tionsgerates jedoch kann sehr wohl die verschiedenen Anderungen auseinanderhalten. 

Die oben abgeleitete Tatsache, dass man zwei Metalle getrennt titrieren kann, auch 
wenn der Unterschied in den Stabilitatskonstanten nur relativ gering ist, 6ffnet die 
Moéglichkeit zum Einsatz neuer Maskierungsmittel. Es k6nnen namlich nunmehr als 
Maskierungsmittel Komplexbildner herangezogen werden, bei denen die Stabilitat des 
Maskierungskomplexes zu gering ist, um eine visuelle Titration zu erméglichen, da det 
erzielten Unterschied in der Stabilitat der Titrationskomplexe nicht genligend gross 


wird. 
Die bisher genannten MOglichkeiten, sowie deren Kombination und noch weitere 
mehr k6énnen nutzbringend verwendet werden, um dem Selektivitaétsproblem chelo- 


metrischer Titrationen erfolgreich naher zu treten. Uber ihre praktische Anwendung 
wird beim Studium verschiedener Systeme in folgenden Mitteilungen dieser Reihe 
berichtet werden 


Die vorliegende Arbe vurde n nterstutzung der National Science Foundation durc 


Summary—The characteristics of chelatometric titrations with a photometric end-point without ¢ 
indicator are discussed, and formulae are derived for the calculation of the titration curves. It 
shown that in titrating a single metal a considerably smaller stability of the titration complex can be 
tolerated than in other methods of fixing the end-point which do not depend on extrapolation. For 
the titration of two metals in the same solution, in succession, a difference in the stability constants of 
a factor of about 100 to 200 is sufficient. The possibilities of using the method in combination with 


other end-point methods are discussed, and problems of selectivity are considered 


Résumé—L ‘auteur discute des caractéristiques des titrages complexometriques avec point equivalent 
déterminé par photométrie, sans indicateur; les formules des courbes de titrages sont établies L’auteur 
montre que, pour titrer un meétal seul, une faible stabilité du complexe de titrage peut étre tolérée, de 
méme que dans d’autres méthodes de fixation du point équivalent qui ne dépendent pas de I|’extra- 
polation. Pour le titrage successif de deux métaux dans la méme solution, une différence des constantes 
de stabilité d’un facteur 100 a 200 environ est suffisante. Les possibilités d’utiliser cette méthode 
combinée avec d’autres méthodes de détection du point équivalent sont discutées, les problemes de 
sélectivité sont considérés 
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Summary— An anion-exchange method for the separation of technetium, rl 


1enium and manganese is 
outlined After sorption on the resin column, manganese is first eluted with hydrochloric acid, 


rhenium with ammonium thiocyanate in hydrochloric acid, and technetium by means of nitric acid 
In the eluates rhenium is determined colorimetrically and technetium radiochemically As little as 
10 eg of technetium in the form of potassium pertechnetate can be separated from 15 mg of manganese 


as potassium permanganate and 0-8 mg of rhenium in the form of potassium perrhenate 


IN 1955, Gerlit,' discussing the chemical properties of technetium, remarked on the 
lack of analytical procedures for the element. Since that date the position has im- 
proved somewhat and publications have appeared dealing with a number of aspects of 
the analytical chemistry of the element.*? One aspect of the analytical chemistry which, 
however, appears to have had scant attention is that associated with the ion-exchange 
behaviour of the element, particularly in relation to the other elements of Group VIla 
of the Periodic Classification, i.e. manganese and rhenium. 

The first ion-exchange study of technetium and rhenium was carried out by 
Atteberry and Boyd?’ using ion-exchange resin Dowex 2. Both elements in this work 
were sorbed on a resin column 0:72 cm? = 51 cmand eluted at a flow rate of 1-7 ml/min 
with ammonium sulphate and thiocyanate at pH 8-3-8-5. By this procedure a clear 
separation of rhenium and technetium was not obtained. The authors further state 
that as manganese in the form of permanganate reacts with the resin, no experiments 
were carried out with all three elements. 

The ion-exchange separation of technetium and molybdenum has also been in- 
vestigated by Huffman, Oswalt and Williams,’ and the separation of technetium and 
rhenium on resin Dowex |, using perchloric acid as eluent was studied by Sen Sarma 
et al.’ These latter workers found that the separation was not clean and showed a 
residual tailing effect which could not be eliminated. Other attempts at the separation 
of technetium and rhenium have been carried out,® but as pointed out,’ they suffer from 


shortcomings such as low separation factors, low yields and failure at trace levels. 


This paper describes the results of investigations carried out on the anion-exchange 


separation of manganese, technetium and rhenium. 


EXPERIMENTAI 

Reagents and apparatus 

Amberlite IRA 400 resin was used. After grinding in a mortar and sieving, particles in the range 
72-100 B.S.S. mesh were washed thoroughly with 2N nitric acid and then converted into the chloride 
form. 

Potassium pertechnetate: An aqueous solution containing 10 “g/0-1 ml was used. 

Potassium perrhenate: An aqueous solution containing 2:5 mg/ml. was used. 

Potassium permanganate: An aqueous solution containing 10 mg/ml. was used. 


* Present address: Nuklearm Institut “J. Stefan”, Ljubljana, Yugoslavia. 


395 





MIROSLAV Pirs and RosBert J. MAGE! 


For counting the soft / particles (0-29 MeV) emitted by °°Tc.a 4a Gas Flow 
ype D4126) was used. As a check, some experiments were carried out with a 
Type N664A) 


INVESTIGATIONS 


parate rhenium and technetium by sorbing them on the 
l eluting with different eluents. Elution with 0-1N perchloric 


irves overlapped Attempts using mixed solvents s 


ind perchloric acid gave elution curves inferior to 
nternational Conference on the Peaceful Uses of 
rong hydrochloric acid is reduced to the 4-valent 
ion of technetium and rhenium, but without 

d of these the most successful were potassium 


ired to separate the tw I , but as the 


th ammon- 


ionium thiocyanate 


e CNS” remaining 


a flow rate of 1 m min to ren 





| 
| 
| 
| 


| 
| 


inetium. Column: 2-5cm 0:2 cm*. Amberlite IRA 400, 
1 ml/15 min. 


~ 





Separation of technetium, rhenium and manganese 


Notes 


1. After 20 ml of 0-1-0-2N hydrochloric acid had passed through the column t ute manganese 
I ‘ 


no positive test for the element was ever found in subsequent eluates 
2. Technetium was never detected in the manganese or rhenium eluates 
3. When technetium yrbed on the colum yertechnetate ll fraction (0-1 lwa 
I nnetium is sorded on the coiumn as pertecnnetate, a small! acti ( UZ uWways 
passes through. This has also been observed by other workers 
4. When 0-1/N nitric acid is used to elute technetium, it reacts with 
column, and a ring of NO. moves down the colum: "ic acid 


last rate, the reaction Is vig 


orous and bubbles are produced th thist 
is eluted, but on occasions 0-05—0:1 
5. With 40 ml of 


For complete remova 


ybtained and 
1d 4000/100 s 


leir presence ist be avi l nt rocedure aboy 
little quenching t. solubles extracted from ther n Oy the nitf 


ic acid 
was determined and found to be less than 10 

An attempt was made to determine technetium spectrophotometrically in the nitric acid eluate 
Technetium as pertechnetate absorbs at very short wavelength. Rulfs and Meinke® determined the 
absorption spectrum of pertechnetate in hydrochloric acid and found two absorption peaks at 290 my 


and 247 my. This was later confirmed.*® In the present work, since it was found that nitric acid 


absorbs in the same region of the ultraviolet as pertechnetate, it was the intention to expel nitric acid 


and re-dissolve in hydrochloric acid. The absorption spectrum of potassium pertechnetate in 0-14 


hydrochloric against a 0-1N hydrochloric acid blank was determined. This shows a clear absorption 


peak at 206 my/ No peaks at 247 or 290 mu were obtained. When, however, attempts were made to 
use this method for the determination of technetium, difficulties were encountered. On evaporation of 
nitric acid, traces always remained which caused fluctuations in the results. Stronger heating to 
remove the traces of nitric acid led to the danger of loss of some technetium 


Using this method, the 
error was around 20°, 


The thiocyanate method recommended by Crouthamel!® was also investigated, 
but for the small quantities of technetium involved was found to be unsatisfactory 
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TABLE |. 


Rhenium Technetium Manganese 
Found Given Found Given Found 


1-00 0-01 0-01 
2-25 0-02 0-02 
2-3 0-015 0-013(6) 
0-02 0-017 
0-01 0-009(2) 
0-03 0-028(5) 
0-15 0-13 
0-2 0-22 
0-01 0-01 15-0 Not 
0-01 0-009(5) Determined 


ammonium thiocyanate tn hydrochloric acid 

the rhenium in this eluate colorimetrically using the 

et 1 of Geilmann et a n this method, an acid solution of perrhenate, on treatment with thio- 
cyanate a tann orid bits a yellowish colour which has been attributed to the formation 


ff REO(CNS t room temperature, maximum colour development takes place within 10 min, and 


ner : ( nt nang n 30 min I mploying standard conditions, results were found to be 


C 


es 


t on the proposed method, some “unknown” mixtures were analysed 


us (M.P.). The results are shown in Table I. All quantities are expressed 


Samples 9 and 10 contained 15 mg of manganese, which was removed according to 
the proposed scheme, but not determined. 


In all the samples rhenium was present as perrhenate and technetium as per- 


In samples 3 and 4an “aged” resin which had been used many times was employed. 


~ 


(cf. > 6 under Operation of the Column). To achieve the values, No. 3—-0-013(6) mg 
(error —9°,), No. 4-0-017 mg error —15%), 60 ml of 4N nitric acid were required. 
With 20 ml of 4N nitric acid a considerable quantity of technetium was retained by 


the column 


icknowledgement—One of the authors (M. Pirs) wishes to thank the International Atomic Energy 


Agency for the grant which made this work possible 


Zusammenfassung—Eine lonenaustauscher-Methode zur Trennung von Technetium, Rhenium und 
Mangan wird beschrieben. Nach Sorption an der Saule wird zuerst Mangan mit verdiinnter Salzsaure 
eluiert, dann Rhenium mit Ammoniumthiocyanat in Salzsaure und zuletzt Technetium mit Salpeter- 
saure. In den Eluaten werden Rhenium photometrisch und Technetium radiochemisch bestimmt. 
10 wg Technetium als Kaliumpertechnatat k6nnen von 15 mg Mangan (als Kaliumpermanganat) 
und 0-8 mg Rhenium (als Kaliumperrhenat) getrennt werden. 


Résumé—Les auteurs donnent un apergu d’une méthode de séparation du technétium, du rhénium et 
du manganése per échange d’ions. Aprés fixation sur une colonne de résine, le manganese est élué 
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en premier par de l’acide chlorhydrique, le rhénium par du thiocyanate d’ammonium dans I’acide 
chlorhydrique et le technétium par de l’acide nitrique. Dans les solutions éluées, le rhénium est dosé 
par colorimétrie, et le technétium par radiochimie. 10 ~g de technétium sous forme de pertechnétate 


de potassium peuvent étre séparés de 15 mg de manganése a état de permanganate de potassium et de 


0-8 mg de rhénium a l’état de perrhénate de potassium. 
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APPLICATIONS OF COMPLEMENTARY TRI-STIMULUS 
COLORIMETRY—IV 


INVESTIGATION OF A TARTRATE COMPLEX CONTAINING BOTH 
COPPER AND ALUMINIUM 


H. FLASCHKA, J. BUTCHER and R. SPEIGHTS 
f Chemistry, Georgia Institute of Technology, Atlanta, Ga., U.S.A 
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Summary eo! f complementary tri-stimulus colorimetry has been extended and applied to 
ng copper, aluminium and tartrate has been 
tartrate complexes of the individual metals and is 
an is necessary to form the single complexes 
ts reaction with other complex-forming substances, 
ns. The pH range of existence of the mixed com- 
“nN investigated 
1ylenetetramine (trien) was studied as a chelating titrant in the 
f copper’’.'-- In the course of this investigation an unexpected 
ed when copper was titrated at pH 8 in tartrate solution in the 
ion. The concentration of tartrate was maintained sufficiently 
omplexation with both copper and aluminium separately. The 
‘fect (which is most pronounced at about pH 8 and which vanishes 
he pH is either lowered or raised) was that a complex species is formed 
rtrate and both metal ions. This mixed complex must have a higher 
the individual tartrate complexes of aluminium and of copper. Some 
changes in the absorbance curve of a copper tartrate solution after the addition of 
aluminium ion were observed, thus pro\ iding further evidence for the existence of such 
1 mixed complex 
Both the formation of the mixed complex and its reaction with other complex 
forming agents are slow. If a copper tartrate solution is mixed with an aluminium 
tartrate solution, both buffered to about pH 8, the photometric titration cf copper 
with trien is possible if it is started immediately and performed quickly. If the mixed 
solution is allowed to stand overnight or if it is heated to boiling and cooled, the 
galvanometer needle creeps after each addition of trien and the titration is rendered 
practically impossible. The rate at which the copper is transferred from the mixed 
copper—aluminium-—tartrate complex to the trien complex can be followed by adding an 
excess of trien and observing the absorbance as a function of time. A plot of such time 
curves is shown in Fig. II. 
It has been found that citrate behaves in a similar fashion. Further investigation 


Il 


has shown that chromium'"’ also behaves in the same manner as aluminium. In this 


case, the time effect is even more pronounced and it seems that only a portion of the 


copper is ever released from the mixed complex; some is held permanently and it is not 
transferred to the trien complex even after standing for several hr. More research is 
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needed in this direction. An analogous mixed complex, containing uranium’ |, alumin- 
ium and citrate in a molar ratio of 1:1:2 has been described by Booman and Hol- 
broock.® 

Complementary tri-stimulus colorimetry has been developed and several publica- 
tions*-* have shown the value of this approach in the investigation of equilibria. 
One of the main advantages lies in the possibility of utilising many wavelengths in a 
particular region rather than one, as is usual in other approaches where, generally, only 
the absorption maxima are employed to derive conclusions. Furthermore, some of the 
parameters in complementary tri-stimulus colorimetry are independent of the analytical 
concentration of the colorant species involved, thus offering distinct advantages 
lt seemed worthwhile, therefore, to apply this approach to the investigation of the 
mixed copper—aluminium-tartrate complex. No references could be found in the 
literature to the existence of such a complex other than the two mentioned above.?:* 
Of course, a great number of mixed complexes are known in which more than one 
metal is co-ordinated with a multidentate ligand but the co-ordination of two metals 
within one complex species, in the presence of a ligand concentration which is more 
than sufficient to complex both metals separately, appears quite unusual. 

From the viewpoint of analytical chemistry, the investigation seems important 
because of the interferences caused by aluminium in the above mentioned determina- 
tion of copper. Furthermore, this time effect may offer possibilities for a kinetic 
masking of copper, provided, of course, that analogous complexes with other metals 
such as nickel or cobalt do not exhibit the same behaviour. 

Such mixed complex formation was probably not discovered earlier because it does 
not manifest itself strongly in the visible region of the spectrum. Only a very slight 
change in colour occurs when moderate amounts of aluminium tartrate are added to a 
copper tartrate solution. Furthermore, this change occurs slowly and then only within 
a limited pH range. 

The main purpose of the present paper is to extend the theoretical background of 
complementary tri-stimulus colorimetry in its application without relation to the 
human eye, and to establish unambiguously the existence of the peculiar mixed complex. 
To reach definite conclusions about composition, mechanism of formation, stability, 
etc. of the mixed complex is difficult because so little is known about the tartrate 
complexes of copper and even less about those of aluminium. The existing literature 
is frequently contradictory and many of the relevant papers are available as abstracts 
only. Hence, some investigations of the copper tartrate complex alone have been 
included. 

In the preceding paper of this series, it was stated that the occurrence of a straight 
line in a w-v plot is a necessary but insufficient condition for the presence of an equi- 
librium which involves only two absorbing species (i.e. absorbing in the selected region 


of the spectrum); this is the case with most acid-base indicators. From an under- 


standing of the basis of complementary tri-stimulus colorimetry, this statement might 
be treated as self-evident. Nevertheless, in the following paragraph, a mathematical 
proof will be given because it is important for the appreciation of an inverse form of 
that statement. 

According to the general procedure of complementary tri-stimulus colorimetry, 
several ranges (in general, three) are selected to cover the desired part (or even whole) 
of the absorbance curve and several wavelengths (ordinates) in each range are selected. 
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The absorbance values are read at each ordinate in each range and their sum is taken. 
The sum, R, in the r™ range for all ordinates up to and including the i" is then given by 


R, >A, (1) 


where A is the absorbance. The complementary colour co-ordinates can then be 


calculated from 
(2) 


| procedure, equation (2) is equivalent to the three equations: 


vu 


where fort 1,2 and 3, Rr becomes U, V and W, and Q; becomes u, v and w, respec- 
tively. As can be seen, the complementary colour co-ordinates (u, v and w) are concen- 
tration independent. The sum l | W is denoted as J and may be called the 
“optical concentration”. It is related to the analytical concentration C by the relation 


J li Ccxi (4) 
where E is the overall absorptivity and / is the length of the light path through the 
absorbing solution. 

The complementary colour co-ordinates of a mixture of any number of colorants 


are given by the equation 


provided that Beer’s law is obeyed by each colorant at each of the selected ordinates 
and that there is no interaction between the colorants. 
In the case of an equilibrium of the type 


M Y =MY 


where, disregarding charges, M represents a metal ion, Y a complexing agent and M¥ 
the 1:1 complex of the two, the treatment takes the following form. 
The following equations are given and hold for every state of the equilibrium: 


[MY] 

[M][Y] 
Cu [M] [MY] (7) 
Cy = [Y] + [MY] 


(6) 
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where K is the stability constant of the complex, and Cy and Cy are the total (analyti- 
cal) concentrations of the metal and the complex-forming reagent. Charges have been 
omitted because they are irrelevant to the present discussion and would only serve to 
confuse the presentation. It may be emphasised that it is the apparent (sometimes also 
called effective or conditional) stability constant which is involved in this equation. 
This can be calculated from the absolute constant by taking x and / factors into 
account in order to correct, respectively, for any influence due to pH and the presence 
of any other complexing agent. For this calculation see, for example, references 9, 10. 

In general, it must be assumed that all three species exhibit colour i.e. absorb light. 
In that case, the complementary colour point of the system in any state of equilibrium 


is given according to (5), by 


m [M]Or wEu + [Y]Or yEy + [MY]Or wy ‘ 
rn — “ere (9) 
. [MJEy + [Y]Ey + [MY]Ey, 


By combining (9) with (7) and (8), so as to eliminate [Y] and [MY], the following is 
obtained 

[M]( QO; 

[M](Z 


[M] in equation (10) is expressed by 


| 
[M] [K(Cy, 1] + V [K(Cy 
2K 


which is readily obtained from a combination of equations (6)-(8). 

Inspection of (10), with [M] replaced according to (11), reveals that a plot of Q, 
versus Cy, or Cy yields a rather complicated curve which would be difficult to treat. 

Differentiation of QO; m in the combination (10)-(11) with respect to Cy in order to 
locate any possible relative maxima and/or minima yields a higher order equation 
which cannot be interpreted. Some interesting information can, however, be obtained 
from a u—v, u-w or v—w plot, whichever is most suitable. 

Equation (10) is actually equivalent to three equations (with r 1,2 and 3) and can 
readily be solved for [M] yielding: 


[(Cu(Or, wyEwy Or yEy) CyQr yEy] 
[M] _— = Qr.mlCu(Ewy — 
Or m( f M : . (QO; we M Or \ E, 
By inserting Q, m (= Um) and Q, m (= vm) for r = | and 2, respectively, and equating 
the expressions obtained in order to eliminate [M], the desired relationship between um 


and Um is obtained: 


CulumyEmy uyEy) CyuyE, Um[C y(Eyry y Cy Ey] 


Um( Ey, E, Exy ) (uyExy Ey Unry ae ) 
CulUmyEmy UmEy) Cy vyEy, Um[Cy(Ewy = Ey) Cy Ey] 


Um( Ey Ey + Eyy) (Uy Ey vyEy UmyEmy) 











(13) 
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Solution for vm yields 


yEy (em Ex vyEy UnyEwy) 
CyvyEy (Ey Exy) 
CyvyEy\(uyEy + uyEy UyyvEuy) 
CyuyEy\(vuykEy vvE, UyyEnuy) 


uy Ey 


wy) 


ell as of Um, there is no simple relationship 
their sum is held constant. Frequently. 
or at least a range can be chosen in which 


1 equation (14) collapses to the simple 


cases with 


bs in any 

ippreciate that the inverse he above con- 
plot does not 
iple equilibrium. It may, however, strongly 

from other measurements 
> dependence of an equilibrium upon variation of the 
A u-pH ora u-C plot will yield a 
pH or C axis (usually plotted as the abscissa), if these 
‘quilibrium. A horizontal line will also be obtained during 
ex is formed gradually, since the value of wu is concentration 
independen hus, for example, a u-pH plot will reveal the existence and pH range 
of eacl rimetrically unique complex in a system, and over each range in which a 
urs the line will be parallel to the abscissa, provided, of course, that 
‘rlapping of consecutive steps. The non parallel portions of such a plot 


ranges of transiticn from one form to another. 


yn at hand, the results of several series of experiments, per- 


formed in connection with the investigation of the mixed copper aluminium tartrate 


complex, can be discussed 


EXPERIMENTAI 


j 


s used in this investigation were of analytical grade. d-Tartaric acid was used in all 
experiments. The absorbance curves were obtained with a Cary 14 recording spectrophotometer 
Che photometric time studies were performed employing a Bausch and Lomb Spectronic 20 photo- 
meter. The time effect on pH was studied employing a Leeds and Northrup pH-meter and a Sargent 
recorder 





( omplementary tri-stimulus colorimetry 


RESULTS AND DISCUSSION 
A typical absorbance curve for the copper tartrate complex in the region 350 
900 mu shows a very strong absorbance up to about 400 mu. The curve then drops 


sharply, almost to zero, and rises slowly to a maximum in the nearest infrared. The 


location and, to some extent, the height of the latter maximum are dependent upon 


the pH. For this reason, the region from 600-900 my was utilised for further in- 
vestigations. In order to obtain thorough coverage of this region the following ranges 


were selected: u-range, 600-690 mu: v-range, 700-790 mu: w-range, 800-890 mu. 


Solid curves 


Broken cur 


Each range contained ten ordinates at 10-my intervals. The uv, v and w values were 
computed in the manner previously described.° 

The solid curves in Fig. 1 show the variation of uv, v and w values with the pH of a 
solution 0-02 M in copper nitrate and 0-05 M in tartrate. These values were computed 


from absorbance curves obtained at various pH values; some of those curves are 
shown in Fig. 2. Below pH 4, the w-pH curves approach the horizontal. It was difficult 
to obtain reliable results in this region because precipitation occurred, especially at the 
higher tartrate concentration used in later experiments. No effort has been made to 
obtain complete information below pH 4 since it is not relevant to the present investi- 
gations. It is possible, to a certain degree, to reconcile this curve with some of the data 
reported in the literature. Fronaeus™ 
copper tartrate complexes: log Kj = 3-20; log A, = 1-91; log Kg 


reported the following stability constants of 
—O-34 and log 
K, = 1-73. The values are for d-tartaric acid, which has also been used in the experi- 
ments reported in the present paper. These data explain the contention of Sen Sarma™ 


2 
0 
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that only a 1:1 complex exists in very dilute acid solutions. In the pH range with 


which the present study is concerned, hydroxo complexes clearly must be taken into 


consideration. Various types have been reported. 

Tikhonov and Belskaya™ reported the existence of the following species, where T 
stands for the tartrate ion: CuT in the range pH 2-5; Cu(OH)T~ at pH 5-3-9, and 
Cu(OH),T?~ at pH 9-13.5. This would agree with the trend of the curves in Fig. 1. 


Souchay and Lefebre™ reported the equilibrium: 
Cu,(OH),.T,* <= Cu(OH),T,4 excess T* 


the species on the left side being present at pH 8 when tartrate and copper are present in 
a molar ratio of 2:1. Ablov and Popovich” assumed a molar ratio for Cu:T of 4:3 in 








higher tartrate concentrations at about pH 7. They included no hydroxo ligands in 
their formulation 

Curves similar to Fig. | have been obtained for the system with increasing tartrate 
concentrations and are presented as solid curves in Figs. 3,4 and 5. Since no additional 
information can be obtained from v and w curves only the u curves are shown. 

All curves approach the horizontal at about pH 4; this may be attributed to the 
formation of the species CuT or at even lower pH values of CuHT*. All curves 
approach the horizontal at pH values higher than 10, though at a slightly different 
level. At very high pH values (not shown because it is not pertinent to the present 
study), a further change in equilibrium is indicated which can be attributed to the 
formation of the cuprate ion.“ 

At low tartrate concentrations, the middle part of the curves in the pH range 5-10 
may be related to the existence of the complex Cu(OH)T~ according to Tikhonov and 


Belskaya.'* At higher tartrate concentrations the co-ordination requirements of 
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nce of uv on pH 
1M in tartrate 


ons as above and 0-0385M in aluminium 





pH 
Fic. 4.—Dependence of u on pH. 


Solid curve: solution 0-02M in copper and 0-2M in tartrate. 
Broken curve: copper and tartrate concentrations as above and 0-0385M in aluminium. 
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nd 0:0385M 


re and more satisfied by tartrate as opposed to the hydroxo 
occur and the length of the horizontal part 


lapping equilibria 
hydroxotartrate) shrinks, degenerating to an inflection point at a 
f 1M. 


The corresponding curves for copper tartrate from 
id an additional curve measured at a tartrate concentration of 1 M are 


. 6 in order to facilitate comparison. 


ourse of the complex formation is such that Cu(OH),T>~ is the only 
within the pH range 9—13-5, it must be expected that all curves will 
] 


his is not, however, the case, as is evident from Fig. 6, and it 
f a new species at high concentrations of tartrate and hydroxyl 

curves in Figs. 1, 3, 4 and 5 represent results obtained when aluminium 

n the solution. Since neither aluminium nor its tartrate complex absorbs 


e 600-900 mu range, it is obvious that there is some reaction between aluminium 


»f the broken curves from the solid curves are greatest at the lowest 
> concentration and decrease with increasing concentration of tartrate. This 
e interpreted as a competition of copper and aluminium for the limited amount 

and not the formation of a mixed complex. There is, however, still a 


pronounced deviation at higher tartrate concentrations, even when tartrate is present 


far in excess of the amount which would be necessary to complex both the copper and 
the aluminium 


separately. Further, at the lowest tartrate concentration either copper 
or aluminium should precipitate as a hydroxide in the higher pH ranges because there 
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pH 


Fic. 7.—Differences in the u values of solutions with and without 
aluminium at different tartrate concentrations as a function of pH. 
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is not sufficient tartrate present to keep both metal ions complexed independently to a 
degree sufficient to prevent their precipitation. Hence, the only conclusion is that a 
complex species is formed which contains all three—copper, aluminium and tartrate. 
It is important to realise that this mixed complex must have a higher stability than that 
of the simple tartrate complex of either metal. The optical results, however, do not 
give any clues to the mechanism of the formation of the mixed complex. 

Fig. 7 presents a plot of the differences in the w-values of the copper tartrate solu- 
tions, with and without aluminium present, versus pH. For low tartrate concen- 
trations, this difference is greatest at about pH 8, which is the region in which alumin- 
ium has been found to interfere with the titration of copper with trien.* Several time 
curves were made at various pH values by mixing copper and aluminium tartrate 


ad IS ER eee Ga HE GS Wee Ween 





Time dependence of the formation of the mixed complex. 
1al volumes of solution A and B were mixed at time zero 
Solution A: 0-04M in copper; 0-1M in tartrate. 

Solution B: 0-09M in aluminium; 0-1M in tartrate. 
Initial pH 8-00. 
Absorbance measured at 700 my. 


solutions which had been adjusted to exactly the same pH. One of these curves is 
shown in Fig. 8 as a representative example. Due to the rather small difference in the 
absorptivities of copper tartrate and the mixed complex, the effect is not very great. 
Similar time curves can be obtained when the formation of the mixed complex is 
followed polarographically. The interpretation of the polarographic curves is difficult 
because the pH of the solution changes during the formation of the mixed complex 
(see below). The time effect of the degradation of the mixed complex can be studied 
very effectively when the mixed complex is allowed to react with other complexing 
agents (see later). 

Except at very high tartrate concentrations, the maximum time effect is observed in 
the pH range 7-5-8-0, which is exactly the range in which hydroxy] ions are part of the 
copper tartrate complex (see above). It is reasonable, therefore, to assume that 
hydroxyl ions may be released, causing a rise in pH, when the mixed comple is formed. 
This pH effect should, of course, also be time dependent, since it would be contingent 
upon the slow formation of the mixed complex. To investigate this, copper and alu- 
minium tartrate solutions were prepared and adjusted to exactly the same pH. The 
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Change of pH with time after mixing solutions 0.04M in copper 
and 0-09M in aluminium, both solutions 0-1M in tartrate 














ph 


10.—Changes in pH as a function of initial pH (dashed curve) 
and final pH (solid curve), obtained from data in Fig. 9. 


solutions were then mixed and the pH changes with time were recorded. Some 
examples of the curves obtained are presented in Fig. 9. When the differences between 
the initial and final pH values were plotted versus the initial pH and also against the 
final pH, the curves in Fig. 10 were obtained. 

When the mixed complex is formed with the release of hydroxyl ion, the amount of 


hydroxyl ion released would appear to be directly related to the copper concentration, 
where the aluminium concentration is kept constant. Therefore, after a constant pH 
value had been reached in the series of experiments described in the preceding para- 
graph, each of the solutions was titrated with hydrochloric acid until the initial pH 
value was reached again. Of course, after each addition of acid considerable time was 
allowed to pass in order to assure that equilibrium had definitely been reached. 
However, when comparing the amount of hydrochloric acid used with the copper 
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no obvious relationship could be detected. On reflection, this 
‘e are several possible explanations of the discrepancy. 


17 
it 


ly as hydroxo complex is not known. 


initia 


mono- and dihydroxo complexes is unknown; then 


{ 


that the formation of the mixed complex 


ing 1s known about the aluminium tartrate, 
mplex form and participate in the donation 


hloric acid Was needed than 


lOTe? I yaroc 
nplex to the mixec 


1 


volved in the 


ynclusion can be drawn 
nixed complex. Copper may 
> inverse may occur; further, it may 


the expulsion of hydroxyl ions. There 


ly ] : . lAan + 
ich the aluminium is added to the 








f absorbance (at 580 my) with time after adding trien to a solution 0-02M 


n copper, 0°0385M in aluminium and 0-1M in tartrate. 
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with an aluminium tartrate solution, both adjusted to the same pH and having equal 
tartrate concentration, so that the latter will not change during the mixing. However, 
when aluminium chloride or sulphate solution is added to the alkaline copper tartrate 


solution, a far greater time effect is observed. Of course, it is difficult to compare the 
two cases on the basis of pH effects since it is, for obvious reasons, impossible to bring 


the aluminium salt solution to the desired pH value. 


sulphate solution is added, a neutralisation process may 


in a first step to the formation of hydroxo compounds of al 


to react extremely slowly, then these species react first with tartrate or directly with 
copper tartrate to give eventually the mixed complex. 

The mixed complex reacts slowly in any type of reaction. This has become evident 
in the course of the acidimetric titration of the hydroxyl ions as mentioned above. 
It also reacts slowly with other complexing agents which are sufficiently strong to take 
copper away from the mixed complex. As an example, the reaction of the mixed 
complex with excess trien has been studied photometrically. Some time curves 
obtained at various pH values are presented in Fig. 11. The half-time values (that is 
the time at which the absorbance reached one-half of its final maximum value) have 
been plotted against the initial pH and the resulting curve (Fig. 12) shows a maximum 
near pH 8. Of course, the exact location and also the height of that maximum are 
dependent on the tartrate concentration. These results are in agreement with those 
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obtained in the pH studies discussed above. Similar curves and identical conclusions 
were obtained when the replacement study was performed employing EDTA instead 


of trien. 

In an attempt to evaluate the ratio of copper to aluminium in the mixed complex, 
two Job plots were made. In the first, so as to eliminate any possible effect arising from 
the removal of tartrate from copper tartrate by aluminium, a rather high tartrate 
concentration (0-5M) was employed, and the sum of the concentrations of aluminium 
and copper was kept constant at 002M. The effect, as expected, was very slight at 
this high tartrate concentration, and did not exceed 0-025 absorbance units. The 

















Fic. 14 Absorbance curves for Job plot. Cou 1 0-02 M, tartrate 0-05M. 


tangents to the straight portions of the best curve drawn through the rather badly 
scattered points intersect at a copper mole fraction of about 0-3. Application of the 
method of least squares, utilising the points gou = 0-0, 0-1 and 0-2 for the left branch 
and 0-6, 0-7, 0-8, 0-9 and 1-0 for the right branch, placed the intersection at gou 0-32, 
(Fig. 13). 

It is, however, very risky to base a definite conclusion on so small an effect, so a 
second Job plot was made at a tartrate concentration of 0-05 M. The absorbance 
curves obtained are presented in Fig. 14 and the Job curve in Fig. 15. In this case, the 
intersection is clearly at gcou = 0-33 (the same value was obtained by the least square 
method), thus indicating a ratio for Cu: Al of 1:2. In the light of this result the con- 
clusion obtained from the Job plot at the higher tartrate concentration can be accepted. 

In order to investigate further the situation at higher tartrate concentrations, the 
mole ratio method was applied. Increasing amounts of aluminium were added to 
solutions 0-02 M in copper and 0-5 M in tartrate. The pH of each solution was 
adjusted to about 6-6 and the solutions were allowed to stand overnight. The pH was 
then brought to exactly 6-60 and an acetate buffer of that pH was added. After another 
day the pH was checked again and re-adjusted if necessary. The pH value of 6-60 was 
chosen because at this pH the difference in absorbance of solutions with and without 
aluminium is greatest at a tartrate concentration of 0-5 M (see Fig. 7). 
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4 Absorbance 








Job plot of data in Fic, 14. 


Absorbance curves were obtained for all of these solutions and the absorbance at 
700 my was plotted against the molar ratio of aluminium to copper. The plot is shown 
in Fig. 16. Amazingly there are three straight branches. The first intersection is at a 


molar ratio for Al: Cu of about 2:1 which is in agreement with the Job plot. There iS, 

















Cy [Coy 


A 


Fic. 16.—Method of constant variation. Coy 0:02M constant; 
tartrate 0-5M; pH 6°60; absorbance readings at 700 my. 
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\dication of a second complex with the ratio in the neighbourhood of 6:1, 
contents. The discrepancy between the results 
methods cannot be explained. 
fact that some rather complicated reactions are involved 
ch is presented in Fig. 17. Some portions of the line are 


the presence of equilibria involving more than two 


r the pH dependence of the equilibria involved, u-—t 


ind copper aluminium tartrate solutions were made, two of 


Lit « 





Nun rs at the curve relate to the rati 


pI nted in Fig. 18. Only straight line plots were obtained from the alumin- 


1S 


solutior ght portion corresponding to the transition from one 


im to another. The regions in which only one species predominates are 
nted by a point or by a closely grouped collection of pH points. As shown in 
retical section of this paper, the straight lines in these u—v plots may indicate, 

but do not prove, the presence ofa simple equilibrium. The three branches of the line for 


0-05 M copper solution (with no aluminium present) may be attributed, respectively, 


Cu=CuT or possibly CuHT CuT (1) 

Cul Cu(OH)1 (II) 

Cu(OH)T = Cu(OH),1 (IIT) 

18 presents w—v plots for a solution also containing aluminium (broken curves). 


Here there are many more transitions and more complicated equilibria are involved. 


At the present state of development of complementary tri-stimulus colorimetry this is 
the only conclusion which can be drawn. It is impossible, at present, to relate the 
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different parts of the curve to specific equilibria. In fact, it is doubtful if optical results 
alone will ever suffice to that end. pH titrations of copper aluminium tartrate solution 


would provide additional information, but because of the very slow reaction rates, this 


would be tedious and has not been attempted 


CONCLUSION 


When copper, aluminium and tartrate ions are present in 
1 


alkaline solution a mixed complex is formed. This mixed complex may also contain 
some hydroxo groups. The stability of the mixed complex is greater than that of the 
tartrate complexes of the two metals, as can be deduced from the fact that the mixed 
complex forms to an appreciable amount even at tartrate concentrations which are 
more than sufficient to complex both metals separately. Further corroboration is 
obtained from the fact that no precipitation of the metal hydroxides is observed in an 
alkaline solution containing far too little tartrate to complex both metals separately. 
The formation of the mixed complex is pH dependent and reaches a maximum between 
pH 6 and 8, depending on the tartrate concentration. The lower the tartrate concen- 
tration, the higher the pH at which maximum formation of the mixed complex occurs. 
Both formation and cleavage of the mixed complex are slow processes which can be 
followed photometrically. At the pH range in which the mixed complex is stable, 
hydroxo groups are present in the copper tartrate complex and most probably also in 
the aluminium tartrate complex. Hydroxyl ions are released during the formation of 
the mixed complex and hence the formation may be followed via pH measurements. 
At low tartrate concentrations, the molar ration of Cu: Al in the mixed complex is 1:2. 
At high tartrate and aluminium concentrations this ratio is uncertain and results 
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obtained by the method of constant variation suggests that the ratio has a different 
value or that at least two different complexes are present. 
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Zusammenfassung—Die Theorie de 


uf das Studium von Komplexgleichgewichten angewandt. Ein Mischkomplex, der Kupfer, Alumi- 


komplementaren Tristimuluskolorimetrie wurde erweitert und 


, wurde untersucht. Der Mischkomplex ist stabiler als die einfachen Tartrat- 

und Aluminium und wird auch gebildet, wenn Tartrat in betrachtlich hoherer 

n anwesend ist, als zur Bildung der einfachen Metallkomplexe bendtigt wird. Die 
langsam und auch seine Reaktionen mit anderen Komplex- 


Mischkomplexes erf 
d verzégert. Die Bildung des Mischkomplexes ist mit Freiwerden von Hydroxylionen 
Der pH-Bereich, in dem der Mischkomplex existiert, wurde ermittelt und die Zusammen- 


Komplexes studiert 


nétrie trichrome a été étendue et appliquée a l’étude des équilibres 


du cuivre, de aluminium et du tartrate a été étudié. Le complexe 


es complexes tartriques des métaux individuels, et il se forme méme dans 


| n’est nécessaire pour former les complexes simples. La 
1éme que sa réaction avec d’autres substances formant des 
mixte est accompagnée de la libération d’ions hydroxyles 
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iplexe mixte a été déterminé, et sa composition a été 
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SEPARATION AND COLORIMETRIC DETERMINATION OF 
TRACE QUANTITIES OF MAGNESIUM IN HIGH-PURITY 
BERYLLIUM OXIDE* 
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Summary—A colorimetric method is described for the determination of trace quantities of magnesium 
in beryllium metal and its oxide. Beryllium, which is known to interfere with the colorimetric 
determination of magnesium by the available chromogenic reagents, is separated from the magnesium 
by forming the beryllium perfluorobutyrate salt at pH 3 to 4, and then extracting it with several portions 
of diethyl ether. By increasing the number of equilibrations with ether, as much as 1 g of beryllium 


can be separated from 10 wg of magnesium. The magnesium is then measured spectrophotometrically 


as the highly coloured complex with Magon, sodium 1-azo-2-hydroxy-3-(2,4-dimethylcarboxanilido) 


1, 


naphthalene-1-(2-hydroxybenzene-5-sulphonate), which exhibits a peak of maximum absorbance 


at 510 my. Over the range of 0-04 to 0-40 ug of magnesium per ml, the absorbance conforms to 
1 


Beer’s law. The method has been applied successfully to the determination of quantities of magnesium 


as low as 10 wg. The coefficient of variation for samples which contain 200 “wg of magnesium is 2 


MetuHops for the determination of trace quantities of magnesium in high-purity 
beryllium metal and its oxide are generally unsatisfactory. Despite the high order of 
sensitivity afforded by a number of reagents for magnesium, such as Eriochrome 
Black T,*:*-? Thiazole yellow,’;* and Magon,*.” suitable precision in the range of | to 
100 ppm is lacking. This situation is probably because of incomplete separation of 
beryllium which is known to interfere with the above reagents for magnesium. Mills 
and Whetsel,’:* in their investigation of the extraction properties of perfluorocarboxylic 
acids, found that beryllium behaved uniquely in that it was extractable, in contrast to 
the other bivalent cations. By combining this separation technique with the highly 


sensitive reagent, Magon, sodium  1-azo-2-hydroxy-3-(2,4-dimethylcarboxanilido) 


naphthalene-1-(2-hydroxybenzene-5 sulphonate), a reliable precise method for the 
determination of traces of magnesium in beryllium metal and its oxide has been 


developed and applied successfully. 


EXPERIMENTAI 

Reagents 

Stock solution of magnesium: Prepared by dissolving 3-4 g of MgCl,-6H.O in 200 ml of 1M 
hydrochloric acid in a polyethylene bottle. This solution was standardised gravimetrically by the 
di-ammonium phosphate method 

Borax buffer solution, 0-08M: Prepared by dissolv ing 3-05 g of Na,B,O,;-10H.0 in 100 ml of water. 

Ether, anhydrous reagent grade. 

Perfluorobutyric acid-sodium salt (NaPFB) (Minnesota Mining and Manufacturing Co.), 1M 
solution: Prepared by neutralising 13 ml of the reagent with sodium hydroxide before dilution to 
100 ml with water. When stored in a polyethylene container this reagent is stable indefinitely 


* Paper presented at the Fourth € onference on Analytical Chemistry in Nuclear Reactor Technology, 
Gatlinburg, Tennessee, October 1960. 

+ Work carried out under contract No. W—7405-eng-26 at Oak Ridge National Laboratory, operated 
by Union Carbide Corporation for the U.S. Atomic Energy Commission. 


419 





APPLE and J. C. Wuitt 


solution: Prepared by dissolving 2 g in 


r this reagent is stable for about 1 month. 


j 


nical Products Co.,), 0-015 Prepared by dissolving 


rboxanilido)naphthalene-1-(2-hydroxybenzene-5- 


for at least 1 month 


was used to obtain the spectra reported here. 


RESULTS AND DISCUSSION 


1 of magnesium by the Magon method, 


urate measurements it was necessary to hold 

y making the magnesium solution, from which 
phthalein. Observing these conditions, it was 

test aliquot caused an error of about 5% in 

in his determination of magnesium by 
dispersing agent, polyvinyl alcohol, to the 

the chromogenic reagent. When poly- 

gnesium solutions before adjusting the pH in the 
lium to magnesium as great as 200:1 could 

in beryllium metal and its oxide as a trace 

in any given determination of magnesium, the 
contained in the test aliquot would most likely be 
the excess of beryllium which is known to interfere 


ed in some manner. 


| approach in the determination of traces of impurities in highly 
‘ssary, to separate the minor component from the 
method is available for completely separating magnesium 
rix, attention was turned to methods for reducing the matrix 

nuch as possible. 
el,’ in their investigation of the uses of perfluorocarboxylic acids 
, found that many multivalent and a few bivalent cations, which 
separated from univalent and the other bivalent ions using 
icid as the extracting agent and ethyl ether as the second solvent. 
n data are based on the fact that the perfluorocarboxylic acids are 
soluble in the organic solvent than in aqueous media. Further, 
iporation of the ether extracts they found that the extracted species is a basic 
g the data of Mills and Whetsel,’ the separation of beryllium from 
by extracting the beryllium into perfluorobutyric acid in ether was 


; 


tions of perchloric acid solutions of beryllium were taken to determine the 


iracteristics of beryllium with perfluorobutyric acid in ether. The pH 
ns was adjusted to the range 1-0 to 5-0. After adding 0-5 mmoles of 
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perfluorobutyric acid for each mg of beryllium present, the solutions were equilibrated 
for 2 min. As shown in Fig. 1, the extraction is dependent on the pH of the aqueous 


solution. Ata pH of 1-0, little extraction of the beryllium occurs; at a pH of 2-0, 


the extraction coefficient is about 4. Precipitation occurs when the pH is adjusted 


to 5-0. When the pH of the aqueous solution is adjusted to 3-0 to 4-0, about 96° of 


the beryllium is removed by a single extraction. These results agree well with the 


100 


eo? 


Coefficient, 


Aqueous phase, mi - 25 
Phase ratio 


Bet* Taken, mg - 25 


Extraction 


| 
3.0 4.0 5.0 


t of pH on the e tion of Be** with NaPFB 


data of Mills and Whetsel,* who stated that extractions using the perfluorocarboxylic 
acids proceed best at a pH slightly less than that at which the cation would form an 
insoluble hydroxide. On the basis of these results, when the magnesium is contained 
in beryllium oxide in the range of 100 to 200 ppm, sufficient quantities of beryllium 
are removed to permit an accurate measurement of the magnesium by a single 
extraction. When the magnesium is of the order of 0 to 100 ppm, however, additional 
extractions with ether are required. Since the maximum quantity of beryllium that 
can be tolerated in the test aliquot of magnesium has been determined, and since about 
96°, of the beryllium is removed by each equilibration, the number of ethereal 
extractions necessary to remove the prescribed amount of beryllium can be calculated. 
No additional perfluorobutyric acid, however, need be added. 

Other elements listed by Mann and Yoe* as interferences with the method include 
aluminium, molybdenum, chromium, iron, uranium, thorium, rare earths, and 
nickel. The normal separation of beryllium from magnesium by extracting the 
beryllium into perfluorobutyric acid in ether also removes these multivalent cations. 
[he only ion not removed by this extraction is nickel. When present in a concentra- 
tion level two times that of magnesium, nickel produces a 5°, error; at a 5:1 level 
the error is about 30°. Fortunately, nickel rarely exceeds 100 ppm in these beryllium 
materials. Nickel does not, therefore, present too difficult a problem in this particular 
application. 


4 
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Effect of acid media 

Beryllium is extracted equally well from nitric, hydrochloric, or perchloric acid 
solutions by perfluorobutyric acid in ether; little or no extraction occurs W hen the 
beryllium is contained in hydrofluoric or sulphuric acid solutions. This unique 
property can be made use of in reclaiming the perfluorobutyric acid. The beryllium 
is back-extracted from the combined ether extracts into 4M sulphuric acid, the ether 


is evaporated, and the reclaimed acid is then ready for future use. 


Effect of perfluorobutyric acid 

fests were conducted to determine the effect of perfluorobutyric acid on the 
colorimetric determination of magnesium. Aliquots of the stock solution of magnesium 
were diluted with perfluorobutyric acid ranging from 1 to 10 mmoles of the 
acid. This represents the greatest concentration of perfluorobutyric acid to be en- 
countered in the analysis. From these test solutions aliquots were taken for the 
magnesium determination by the colorimetric Magon method. 
As shown in 


lable I, perfluorobutyric acid does not affect the absorbance of the 
magnesium-Magon complex over the range of acid concentration tested. 


TABLE | EFFECT OF PERFLUOROBUTYRIC ACID ON THI 


COLORIMETRIC DETERMINATION OF MAGNESIUM 


Magnesium, 10 ug 


Per fluorobutvric acid, 
Absorbance 


mimnole 


0-512 
498 
-SO8 
-528 


520 


rhe spectrum of the solution of the magnesium complex containing perfluoro- 


is identical with the standard magnesium complex. There are two 
At this wavelength an 


butyric acid 
absorption peaks, the maximum occurring at 510 muy. 
absorbance index of 26,500 was reported by Mann and Yoe. The value found in 
this laboratory, 26,000 is in quite good agreement. This relationship is shown in Fig. 2. 


il ae 


{ pplicatioi magnesium solutions which contain large amounts of beryllium 
j y 


rests were conducted to determine whether, by observing the aforementioned 


conditions, beryllium could be separated from magnesium in sufficient quantities to 


permit an accurate measurement of the magnesium. Beryllium was added to dilu- 


tions of the stock solution of magnesium. Following a separation of the beryllium 
by extracting the perfluorobutyrate into ether, the magnesium in the aqueous layer 


was measured colorimetrically. When the absorbance at 510 my is corrected for 
unused Magon reagent, the adherence to Beer’s law is excellent; absorbance is a 
linear function of concentration. This relationship, which extends to solutions 


containing 0-4 wg of magnesium per ml (absorbance 0-5), is shown in Fig. 3. 
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Mg (0.4 ¢/ml 
O.Im NaPFB)}— 


REAGENT 


r/mi 
Mg (0.25 &/m BLANK 


ABSORBANCE 





500 540 580 

WAVE LENGTH, mp 

Effect of perfluorobutyr 

r spectrophotometer 
l-cm Corex cells 
Reference solution 


Speed 10 A/sec 


CE 


O 
s 


at 
aa 
x 

> 


AB 


at 


Precision of the method 

rhe precision of the method was determined at three concentration levels of 
magnesium, approximately 10, 50, and 100 ppm of magnesium. In all tests the 
beryllium was removed by extracting it into perfluorobutyric acid in ether. The over- 
all coefficient of variation is 2°5°4. There is no indication of a bias on the basis of these 


results. 


Application of the method 


Samples of beryllium metal and its oxide which contained determined amounts 
of magnesium were obtained, to assess the validity of the method. Typical results for 
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TABLE Il PRECISION AND ACCURACY OF THE METHOD 


10 SO 


the spectrophotometric method, are illustrated in Table 
llent agreement over a wide range of magnesium con- 
rence Is about 

SPECTROPHOTO 


IN BERYLLIUM 


700 
1140 1100 
1SOO 1550 


4700 10 


ple of berylliun le to the nearest 10 mg and transfer to a platinum dish 
d hydrofluoric acid and 15 ml of concentrated perchloric acid. Heat to 
acid, ¢ i to 200 ml with water 


Transf iliquot which contains 10 to 200 wg of magnesium to a 100-ml beaker, and add | ml 


of 1M NaPFB for each 2 mg of beryllium present. Adjust the pH of the test solution to 3-4 by the 


dropwise addition of a 20 sodium hydroxide solution Transfer the solution to a 60-ml 


separatory funnel which contains 25 ml of ether, and equilibrate for 2 min. Drain the aqueous layer 


into a 50-ml beaker and place on a steam bath to drive off the soluble ether. Cool, and transfer the 
solution to a 25-ml volumetric flask which contains 4 ml of the polyvinyl alcohol. Add 1:4 
ammonium hydroxide dropwise until the solution is just basic to phenolphthalein, and dilute to 
volume with water lo a 25-ml volumetric flask which contains exactly 5 ml of the Magon reagent, 
add an aliquot, less than 5 ml and containing 0:5 to 10 wg of magnesium. Add 0-5 ml of the buffer 
solution, mix and dilute to volume with ethyl alcohol. After 30 min, measure the absorbance of 
the samples and a blank versus water at 510 and 615 my. Since the absorbance at 510 my is the 
sum of the absorbances of the complex and the unreacted reagent, and since a proportional 
relationship exists between the absorbances at 510 and 615 my, the absorbance due to the magnesium 


is found by calculating and deducting the absorbance of the unreacted reagent.* 
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Zusammenfassung— Eine kolorimetrische Methode zur Bestimmung von Magnesium in Beryllium und 
dessen Oxyd wird beschrieben. Beryllium, welches bekannterweise in det photometrischen Bestim 
mung des Magnesiums mit tiblichen Farbreagenzien stért, wird selektiv vom Magnesium abgetrennt 


Dies geschieht durch Uberfiihren des Berylliums in das Perfluorobutyratsalz bei pH 3—4 und Extrak 


tion desselben durch wiederholtes Ausschiitteln mit Ather. Durch Anwenden einer geniigendet 


Anzahl von | xtraktionsopera onen ist es moglich bis zu einem Gramm Bervllit von nur 10 ng 
Magnesium zu _ trennen Das Magnesium wird anschliessend t etrisch bestimmt 
Farbreagens ist das Natrium 1-azo-2-oxy-3-(2,4-dimethylcarboxanilido) naphthalin-1-(2-oxvbe1 
sulphonat). Der Magnesium komplex hat ein Absortpionsmaximum bei 5 ns ber einen Bere 
0.04—-040 ug Mg/ml wird Beer’s Gesetz erfiillt. Die Methode wurde e1 ig h auf die Bestimmur 


1 j y 


10 wg Magnesium angewendet. Der Variationskoeffizie if nit 200 we Magnes 


Résumée—Les auteurs décr uné méthod lorimétrique de dosage d 
le beryllium et son oxyde € t connu pour gener le dosage 
> } ; . ] y n 
venables le > re vement du magi 


> dernier 


naine 


EREN( 
S. N. Edson and R. H. Mills, Chem 
D. A. Kenyon and G. Oplinger, 
C. L. Luke, ibid., 1956, 28, | 
‘C. K. Mann and J. H. Yoe, ihid., 1956 
Idem, Analyt. Chim. Acta, 1957, 16, 155 
H. G. McCann, Analyt. Chem., 1959, 31, 2091 
G. F. Mills and H. B. Whetsel, Separation « 
{ ,' 76, 1959 
* Idem, J. Amer. Chem. Soc., 1955, 77, 4690 
F. H. Pollard and J. V. Martin, Anal 
A. Young and T. R. Sweet, Ana/yr 





Pergamon Press Ltd. Printed in Northern Ireland 


rITRIMETRIC DETERMINATION OF VANADIUM" WITH 
SODIUM METAVANADATE USING REDOX INDICATORS 


B. V. S. R. Murty and G. GOPALA RAO 


Chemistry Department, Andhra University, Waltair, India 


1961. Accepted 16 January 1961) 


: 11} 
Summary ( tions have | veloped for the accurate titrimetric determination of vanadium 

idine, barium diphenylamine sulphonate or N-phenyl- 

of the indicator-oxidant and the oxidised indicator- 

Ul 


tration of vanadium™ is possible at 45°-S0°, in 1-3N 


dicator reactions are rapid under the conditions 


itmosphere 


termination of vanadium!!! using redox indicators does not seem to 
ittention. Ramsay, Sugimoto and Vorkin! determined vanadium"! 
solution with an excess of standard potassium iodate 

inreacted iodate through reaction with potassium iodide. 

a similiar procedure. Syrokomskii and Zhukov® 

r the determination of potassium per- 

and vanadium’ using N-phenylanthranilic acid as 


be determined in a mixture with vanadium!’ 


inganate, using diphenylamine as indicator. With the 


were unable to obtain satisfactory titrations 
> oxidation product of diphenylamine, 
0-OSN potassium permanganate to a 
iphenylamine. This difficulty is doubtless due to 
tween the oxidised indicator and vanadium!!!, 

tion of vanadium!!! with sodium me 
m diphenylamine sulphonate or N-phenyl- 
rnal indicators. Potentiometric results which will be presented 
between vanadium!!! and vanadium’ is very rapid 
> gave the potential of the vanadium!!!/vanadium!' 
solutions. Jones and Colvin® made measurements on 

Pt/ VOSO,.H,SO,.V.(SO,),.H,SO,/Hg,SO,.Hg 


standard potential of the couple to be +-0°33 V at 25°. Syrokomskii 

the potential in dilute sulphuric acid as -+-0-359 V. The vanadium’ 
vanadium uple has a formal potential of 1-002 V in 0:5M sulphuric acid at 28", 
according to our measurements. Hence it should be possible to titrate a vanadium"! 
solution with a vanadium’ solution using diphenylbenzidine or barium diphenylamine 
sulphonate as internal indicator, because they have transition potentials lying between 


* 
Chen I i 
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those of the two systems concerned. If these expectations are to be realised in practice, 
it is necessary that the reaction between the indicator and vanadium’ and the reaction 
between vanadium!!! and the oxidised indicator must both be very rapid. The obser- 
vations reported in Table I show that the speed of the reaction between the indicator 
and sodium vanadate is slow and slightly accelerated by phosphoric acid, but not 
sufficiently so to make it useful in a titration. It is also not induced by the vanadium!" 

vanadium’ reaction. The oxidation of diphenylbenzidine or diphenylamine sulphonic 
acid by vanadium’ in the presence of phosphoric acid becomes very rapid only at 
45—50°. The results in Table II show that the reaction between the oxidised indicator 
and vanadium!!! in hydrochloric acid medium is slow at room temperature, but that 
the addition of phosphoric acid accelerates the reaction. Even with the addition of 
phosphoric acid, the oxidised indicator is not reduced quickly enough by vanadium! 
at room temperature, but is sufficiently rapid at 45-50". Hence both reactions, the 
oxidation of the indicator by a trace of vanadium’, and the reduction of the oxidised 
indicator by a trace of vanadium!"!, require a temperature of 45-50" and acceleration 


by phosphoric acid to become rapid enough for a successful titration 


EXPERIMENTAI 
Reagents 

Vanadium" solution: An approximately 0-05M solution of vanadium" was prepared according to 
the procedure recommended by Lingane and Meites Jr.* by reduction of vanadium’ in an HCI 
H,SO, mixture in a silver reductor. The reduction was carried out in an atmosphere of nitrogen 
because vanadium™! solutions are readily oxidised by atmospheric oxygen The concentration of 
vanadium’ was kept about 0-1M, that of sulphuric acid 4:5M and that of hydrochloric acid 7-5M 
rhe solution was passed through the reductor at the rate of 30 ml per min. The reduced solution was 
collected in a flask containing air-free water in an atmosphere of nitrogen. The reductor was washed 
with air-free water and the washings were collected in the same flask. The solution was then diluted 
with air-free water to give nearly 0-05M vanadium"! solution and this was stored in an atmosphere of 
nitrogen. The solution was standardised from time to time with a standard solution of potassium 
iodate, according to the method of Ramsay, Sugimoto and Vorkin.' 

Sodium metavanadate solution: A 0-05N sodium metavanadate solution was prepared by dissolving 
5:35 g of a sample of ammonium metavanadate (Analytical Reagent grade) in water and boiling with a 
slight excess of sodium carbonate until free from ammonia. After cooling, the solution was made up 
to 1 litre. It was standardised against a standard solution of ferrous ammonium sulphate which was 
previously standardised against a standard solution of potassium dichromate 

Indicator solutions: A 0-1 solution of diphenylbenzidine in concentrated sulphuric acid or a 
0-1 solution of barium diphenylamine sulphonate in water or a 0:1 solution of N-phenylanthra- 


nilic acid in a 5°% sodium carbonate solution were used. Other chemicals employed in this study were 


of Reagent g! ade. 


Reaction between indicator and vanadium 


To 50 ml of 1-0N hydrochloric acid solution in a beaker, 0-05 ml of diphenylbenzidine or barium 


diphenylamine sulphonate was added. To this mixture was then added 0-02 ml of 0-05M vanadium‘ 


solution. The time taken for the appearance of the colour of oxidised indicator in the absence and 
presence of phosphoric acid and at different temperatures was noted. The results are presented in 


Table | 


From Table I it is evident (1) that the oxidation of the indicator by a trace of 
vanadium’ is very slow in |1N hydrochloric acid at room temperature, (2) that it is 
accelerated by phosphoric acid, (3) that it is accelerated by a rise in temperature, and (4) 
that a temperature of 45—-S0° and the presence of phosphoric acid are necessary to 


make the reaction speedy enough for a successful titration. 
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TABLE | INFLUENCE OF PHOSPHORIC ACID AND TEMPERATURE ON THE SPEED OF REACTION BETWEEN 


rHE INDICATOR AND SODIUM METAVANADATE IN 1N HYDROCHLORIC ACID MEDIUM 


Barium dipheny lamine 
Diphenylbenzidine 
sulphonate 


Blue-violet colour after Pale purple colour after 
120 sec 120 sec 

Pale blue-violet colour after Pale purple colour after 
30 Sec 60 Sec 

Blue-violet colour in 15 sec Pale purple colour in 25 sec 


Blue-violet colour in 2 to Pale purple colour in 3 to 


> 1 . 
4 $ec + SCL 


and vanadium" 
solution, 0-05 ml of 0-1 diphenylbenzidine or of 0-1°, barium 
diphenyla € Iphonate wa 1 he indicator was oxidised by the addition of 0-02 ml of 
0-05M sodium vanadate solt n this mixture, kept in an inert atmosphere, was added 0-02 ml 
of 0-05M va d ution t! tin aken for the discharge of the colour of the oxidised 


in Table I 


PHOSPHORIC ACID AND TEMPERATURE ON THE SPEED OF THE REACTION BETWEEN 


I 
itl 


THE OXIDISED INDICATOR AND VANADIUM 


: Barium diphenylamine 
Diphenylbenzidine 
; sulphonate 


your does not disappear olour does not disappear 


ven in 120 sec even in 120 sec 


disappears in 40 sec olour disappears in 60 
SOC 

lisappears in 15 sec olour disappears in 10 
Sec 


> 


Colour d sappears in l to 2 Colour disappears in 2t 


Sec + SOL 


Observations similiar to those in Table Il were made in experiments conducted in 2A 
and 3N hydrochloric acid. These show that while phosphoric acid accelerates the 
reaction between the oxidised indicator and vanadium!!!, the acceleration is not 
sufficient for a rapid discharge of the colour of the oxidised indicator, which is a 
necessary condition for a satisfactory titration. The observations in Table II also show 


that a rapid discharge of the colour of the oxidised indicator is produced in the presence 


of phosphoric acid when the temperature 1s raised to 45-50". Consequently, it should 


be possible to carry out a visual titration of vanadium"! at 45-50" in IN to 3A 
hydrochloric acid in an inert atmosphere (CO, or N,) using diphenylbenzidine or 
barium diphenylamine sulphonate as internal indicator, in the presence of 5 ml of 


syrupy phosphoric acid per 50 ml of the titration mixture. 


> , , a in 
Recommended procedure 


II 


I 
The titrations of vanadium” with sodium metavanadate are carried out in a 200-ml tall (titration) 


flask fitted with a rubber stopper having 5 holes, to accommodate the inlet and outlet tubes for 





II 


I 
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nitrogen, a thermometer, and two burettes, (one burette containing sodium metavanadate solution of 
} I 

known strength and another burette connected to the vanadium" reservoir). Simultaneous stirring 

and heating of the titration mixture are carried out using a B.T.L. magnetic stirrer and hot plate 


>] 


About 30 ml of IN hydrochloric acid are taken in the titration flask, 2 drops of the indicator 


solution are added and the beaker ts stoppered with all the connections duly made. Nitrogen is passed 


through the mixture, heated to 45-50 and stirred, for about 10 min, About 5 to 15 ml of vanadium! 
solution are now run into the titration flask, and the mixture is titrated with the standard sodium 
vanadate solution at the usual speed, until the colour of the oxidised indicator persists. Typical 


results are presented in Table III 


PrABce Ill 


111 1 
Vanadium taken Vanadium” found, 
Indicator , j 
m moles m moles 


Diphenylbenzidine 3026 0-303] 
3249 0:3254 
4586 0-458? 
6538 0-6539 
7368 
00-8641 
Barium diphenylamine sulphonate 3265 0:3268 
00-4536 
0-7265 
0-8639 


0-948] 


Che use of N-phenylanthranilic acid has also been investigated in this titration. Even 
with this indicator, the addition of syrupy phosphoric acid and the use of an elevated 
temperature have been found necessary to accelerate the reaction between the oxidised 
indicator and vanadium!''. The acidity of the titration mixture should be kept at 4A 
with respect to hydrochloric acid. Although good results have been obtained in these 
titrations, it has been observed that the colour of the oxidised indicator fades away 
slowly after the end-point is reached, in contrast to the titration of iron! with sodium 


vanadate at room temperature. Titrations at room temperature are possible, if carried 


out dropwise towards the end, and waiting for 30 sec after the addition of each drop. 


Zusammenfassung—Bedingungen wurden gefunden zur genauen Bestimmung von Vanadin(III1) 
durch Titration mit Natriumvanadat und Diphenylbenzidin, Bariumdiphenylaminsulfonat oder N 
Phenylanthranilsdure als Indicator. Eine Studie der Indicatorreaktionen fiihrte zum Schluss, dass 
die Titration am besten bei 45-50°C in 1-3 n Salzsaure und 5 ml sirupéser Phosphorsaure per 50 ml 
ritrationslOsung erfolgt Der Indicatorumschlag unter diesen Bedingungen ist rasch. Die Titration 


muss in inerter Atmosphare durchgefiihrt werden 


Résumé—Les auteurs ont mis au point les conditions du dosage titrimétrique précis du vanadium 
(III) par le métavanadate de sodium, utilisant comme indicateur interne la diphénylbenzidine, le 
diphenylamine sulfonate de baryum ou lacide N-phenylanthranilique. D’aprés une étude des 
réactions de l’indicateur, c’est-a-dire des réactions indicateur-oxydant et indicateur oxydé-réducteur, 
les auteurs ont conclu qu'un titrage satisfaisant du vanadium (III) est possible a 45-50" dans l’acide 
chlorhydrique 1-3 N, en utilisant 5 ml d’acide phosphorique sirupeux pour chaque portion de 50 ml 
du mélange a titrer. Les réactions de l’indicateur ne sont rapides que dans ces conditions. Les titrages 


sont effectués sous atmosphere inerte. 
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SALTING-OUT CHROMATOGRAPHY—VII 


ANALYSIS OF MIXTURES OF DIALKYLPHOSPHORIC ACIDS, 
ALKANEPHOSPHONIC ACIDS, AND ORTHOPHOSPHORIC ACID 


F. JAakos, K. C. PARK*, J. Cirict and Wm. RIEMAN IIL® 
Ralph G. Wright Chemical Laboratory, Rutgers, The State University 
New Brunswick, N.J., U.S.A 


(Received 6 January 1961 ( pted 13 January 1961) 


Summary—Attempted separations of several phosphorus acids by gas-partition and anion-exchange 
chromatography were unsuccessful. This paper describes a quantitative method of separation by 


salting-out chromatography on special Dowex 50-X4 resins of low capacity 


One of the research problems of this laboratory is the development of a method of 
analysis of mixtures of the phosphorus-containing decomposition products of the 


various insecticides and similar substances. These include the alkanephosphonic 


acids, their monoalkyl esters, orthophosphoric acid and its dialkyl esters. The alkyl 


groups found in these compounds include methyl, ethyl, isopropyl and n-butyl. The 
symbols Pr and Bu are hereinafter used to designate the last two. This paper is 
concerned with a part of the whole problem, viz., the separation of a mixture composed 
of the alkanephosphonic acids, the dialkyl esters of phosphoric acid, and orthophos- 
phoric acid. 

Che phosphorus acids studied in this investigation are not sufficiently volatile to 
be separated by gas chromatography. A mixture consisting of the ethyl ester of 
methanephosphonic acid and the methyl ester of ethanephosphonic acid dissolved in 
ether was subjected to gas-partition chromatography at 270° and 350°. At the lower 


] 


h indicated complete non-volatility he higher 


temperature, the elution grap 
temperature, decomposition of the acids was observed. Attempted separations of the 
phosphorus acids by anion-exchange chromatography were unsuccessful because of 
the small differences in the exchange constants of their conjugate bases and 1 
ionisation constants of the acids themselves.! 

Results obtained during the investigation of anion-exchange chromatography 
indicated that van der Waals forces leading to sorption of the phosphorus acids by 
the anion-exchange resin were of greater importance in determining the distribution 
coefficient than simple exchange processes. [his led to the belief that a cation- 
exchange resin would be more suitable than an anion-exchanger for the separation of 
the phosphorus compounds. In the first place, the theoretical treatment with the 
cation-exchangers Is simpler because only van der Waals forces are operating, whereas 
both van der Waals sorption and ion-exchange occur with the anion-exchangers. In 
the second place, a change in the hydrogen-ion concentration of the eluent should be 
more effective in changing the distribution coefficients with a cation-exchanger than 
with an anion-exchanger because, with the latter, an increase in the acidity of the 

* Department of Chemistry, Korea University, Seoul, South Korea 
+ Department of Chemistry, Ontario Research Foundation, Toronto 5, Ontario. 
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‘s the van der Waals sorption but decreases the ion-exchange sorption. 


separations may be expected with a cation-exchanger. 


TING-OUT CHROMATOGRAPHY 


ions of salting-out chromatography have been discussed 
this paper the basic equation of the plate theory!” 


l Cl J (1) 


> symbol U* represents the volume of eluate collected 


of the elution graph; V is the interstitial 

s the distribution ratio, defined as the quantity of 
ny plate divided by the quantity of the same 
plate at equilibrium. Sargent and 


kM (2) 
Here C, 1s the distribution ratio with 
41 
o with an aqueous salt solution of molarity 
estigation of low-capacity Dowex resins has 


eparations by salting-out chromatography.® 


ity were used throughout this study 


Cap LC 


CHOICE OF ELUEN! 


ving compounds were investigated as possible salting-out agents 


NH,NO,, (NH,).SO,, NaNO,, MgCl, NaCl and LiCl. Ammonium nitrate and 
{ ere rejected because of their comparatively small salting-out 


immonl pl 
power. Sodiun ate was not used because it crystallised from concentrated 


solut the stopcock attached to the ion-exchange column. Lithium 
chloride was chosen in preference to magnesium chloride and sodium chloride because 


ts solutions gave a greater number of theoretical plates for the same length of column. 


Investigation of the effe the hydrogen-ion concentration on the ratio of the C 


for EtPO(OH)OEt and MePO(OH)OPr indicated that this ratio did not 
increase in hydrogen-ion concentration above | VM.' In view 


values 
atly with an 
nsiderations, a solution 40M in LiCl and 1:0M in HCl was chosen 


1e separation of the acids of lower molecular weight. 


possible eluent for t 


EXPERIMENTAL WORK 


Most of the phosphorus compounds were supplied by the Army Chemical Center. The phosphonic 


icids EtPO(OH), and PrPO(OH), were prepared by hydrolysing the respective esters Et~PO(OH)OPr 
and PrPO(OH)OEt in boiling 6M hydrochloric acid The orthophosphoric acid used was of assayed 
reagent-grad¢ 

pacity were used throughout this investigation. These resins were in every way 


Resins of low Ca} 
dentical to Dowex 50-X4, except that their capacities were lower than the usual value of 5-2 meg per g 
Each low-capacity resin investigated consisted of spheres that passed through a 325-mesh screen and 
were cross-linked with 4 nominal divinylbenzene 


All eluents were prepared by dissolving assayed reagent-grade chemicals in distilled water 


Determination of the inter stitial volume 


il volumes of the resin columns were determined under the conditions used in this 


The interstit 
7., with eluents of 0, 2, 4, 6 and 8M LiCl, each also 1M with HCl. These values are 


investigation 
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necessary in order to calculate C, the distribution ratios of the several phosphonate esters with the 


various eluents. These, in turn, are needed to plan the separation intelligently 


Methods 


Five methods were used 

(1) Centrifuge. Short columns were prepare as drained to the 
upper level of the resin; the tube e loss in weight 
t emoved from the 


} { { nity > ' ti ’ 
the interstitial solutior Correctio 


represents 
filter disc during centrifugation and (4) for the inte ume) that clings 


to the resin even 
reak-tl ith experiment th polyst) id. A column was ec brated with the 


e studied containing 0-001 N linear polystyrene sulphonic ac 
| 1 through the column I if the effluent were 


of the polystyre! e suipnonic acid, Was passed throu 


eluent to b ne eluent, free 


analysed to locate the break nt. This break-through was sharp le 

> polystyrene sulphonic acid was 0-0005N was 

itial volume A correction was for the volume of | jl id inthe pores of the 

filter disc ar ing to the inside walls of the tube bel the filter. Polystyrene sulphonic acid was 

used for t irpose because ng into the resin 
beads 

(3) Determinati« ) i Sfitial polystyrene iipno icid 


eluent in question aining 0-O0I1N polystyrene sulphonic acid. After 


A column was equilibrated with the 
draining the eluent to the 


ipper level of the resin, the same ell the polyelectrolyte was passed through the column 
until all the polyelectrolyte was 1 fluent was determined. This 
quantity, in milliequivalents, divided by the normality the polyelectrolyte, gives the interstitial 
A correction was applied as in the foregoing method 


volume 
um polyphosphate. Methods (4) and (5) are analogous to 


5) {nalozous methods w 7 vd 
respectively, except that sodium polyphosphate was employed as the poly- 
to avoid degradation of the polyphosphate, the hydrochloric acid was 


= f The resin, having 


rhe preparation of columns f{¢ 
was equilibrated with the eluent, 4-0M in LiCl and 1-0M in HCI, by 


’r ion-exchange separation has been described 


a capacity of 3:82 meq per g, 
rhe eluent was then drained to the top of the 


A sample of 1:00 ml was pipetted 


passing | litre of this solution through the column 


resin bed. The height of the resin column at this point was 61°8 cm 
At this point, collection of the 


on to the top of the resin bed and was allowed to drain into the resin 
id of three 


effluent was initiated. The sample was then completely washed into the resin with the ¢ 
small portions of the first eluent (3-4 ml). After each addition the solution was permitted to drain 
All eluent changes were made after draining the previous eluent completely into the 
50 2 The hydrostatic head of the 


Small fractions 


into the resin 


resin bed. The column was maintained at a temperature of 


eluent was adjusted (1-5 metres) so as to give an initial flow rate of 0-11 cm per min 


(2:76 or 3-10 ml) were collected with the aid of a siphon pipette’* and a Misco fraction collector 


lyte ; 
{nalysis of eluate fractions 


Che procedure used involved the conversion of the organophosphorus acids to orthophosphate, 
l 17 


ind the determination of the resulting orthophosphate by the molybdovanadate method 


The investigation of Kolmerten and Epstein’* indicated the vital role played by the ratio of the 


chloride ion to sodium hydroxide concentrations in the persulphate oxidation of organophosphorus 


compounds. They used sodium sulphite to destroy the excess persulphate that remained after | 


hour of heating. This step was eliminated in this work by extending the period of heating to 2 hours. 


The phosphovanadomoly bdate method, originally proposed by Misson,'’ was used to determine the 


concentration of the orthophosphate 
Each fraction, containing 2-76 or 3-10 ml of a solution 4-0M in LiCl and 1:0M in HCI plus no 
more than 0-03 mmols of phosphorus, was treated with 1-0 ml of 18M sodium hydroxide and 2:0 ml 


of 1-0M ammonium persulphate. Distilled water was added to bring the final volume to approximately 


20 ml. The contents of each test-tube were thoroughly mixed, and the test-tubes were placed in a 
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beaker of boiling water. The samples were digested for a period of 2 hr. Fractions that contained 
10M HCI or water, plus no more than 0:03 m mols of phosphorus, were treated in the same way 
except that only 0-5 ml of 18M sodium hydroxide was used. The contents of each test-tube were then 
quantitatively transferred to a 100-ml volumetric flask with the aid of 50 ml of 0-3M nitric acid. 
Exactly 25 ml of vanadomolybdate reagent, prepared according to the method of Barton,’ were 
» each flask. The solutions were then diluted to the mark with distilled water, and the 

ch flask were thoroughly mixed. The absorbance at 400 my,'*."* versus a blank prepared 

ner, was determined after a 2-hr development period. All absorbance measurements 

1ade with a Beckman DU spectrophotometer with l-cm Corex cells. Calibration curves were 


rding to the method proposed by Goudie and Rieman.'® 


RESULTS AND DISCUSSION 


ai votumes 


vives a summary of the determinations of the relative interstitial volumes, 


f the interstitial volume to the bed volume. 


VE INTERSTITIAL \ UME OF DOWEX 50-X4 (325 mesh, 4:03 meq per g) 


0-0M LiCl 2-0M LiCl 40M LiCl 60M LiCl 8-0OM LiCl 
1-OM H¢ 1-OM HCl 10M HCl 1-OM HCl 10M HCI 


rd deviation never exceeded 0-20. Thus, these results have about the 


t | 


5 as those reported elsewhere.” As is to be expected from the fact that 


and becomes less deformable in concentrated LiCl, the interstitial 


th increasing concentration of eluent 


on-exchange resin increases with decreasing concentration 
When the eluent was changed from a solution 40M in 
St erie of this swelling was a decrease in 

1e flow rate: the rate diminished to about 

the resin bed expanded and the column height 

During this expansion, the flow rate gradually 

ilue. The second change of eluent from 1:°0M HCI to 


eradual increase in column height to 99-5 cm without 


capacities do not swell as much as resins of normal capacities.® 


ner have less internal water, diffusion within these resins is restricted. 
flow-rates would be necessary to ensure the attainment of equilibrium 
conditions and symmetrical elution graphs. Higher temperatures increase the diffusion 
rates within the resins, thereby permitting higher flow-rates. Temperatures above 
50° are desirable because of the formation of air bubbles in the ion-exchange 


column 
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Flow-rates between 0-03 and 0:20cm per min resulted in symmetrical elution 
curves. Flow-rates greater than 0-20 cm per min were not used because some of the 
elution graphs began to exhibit tailing. Flow-rates below 0-03 cm per min are not 


convenient. 


FIG. Plots of log C vs. molarity of LiCl in 1-:0M HCl with Dowex 50-X4, 4:03 meq per g. 
1. H,PO,; 2. CH,PO(OH),; 3. EtPO(OH) 4. HOPO(OMe),; 5. PrPO(OH),; 
6. HOPO(OEt),; 7. BuPO(OH),; 8. HOPO(OPr),; 9. HOPO(OBu) 


Fic. 2 Separation of a nine-component mixture 


3-82 meq per g 


61-8 cm 2:76 cm? Dowex 50W-X4, 325 mesh 


The numbers correspond to the compounds listed in Fig. 1. 


Results of analysis of known mixtures 


Fig. | demonstrates that the plots of log C versus concentration of the lithium 


chloride are not linear. This is to be expected since equation (2) is applicable only if 
the resin remains in the same ionic form.® This is not the case with the results of 
Fig. 1; the mole fraction of lithium resin decreases with decreasing LiCl in the eluent. 
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Fig. 2 reveals the quantitative separation of the nine compounds under investi- 
gation. No theoretical explanation can be given by the authors for the heading 
exhibited by (BuOQ),PO(OH). Table II lists the recoveries obtained from three 

analyses. The recoveries are within the experimental limits observed in the 
on of known concentrations of organophosphorus compounds under the 


tion 


thors are deeply grateful to the U.S. Army Chemical Center for the gener- 
| assistance that made this investigation possible hey would also like to 


nks to The Dow Chemical Company for supplying the special low-capacity 


Zusammenfassung—Versuche einig Phosphorsaure durch Gaschromatographie und Anionen- 


trennen waren erfolglos. Die vorliegende Arbeit beschreibt eine quanti 


chromatographie an einem speziellen Harz Dowex 50-X4 


ve de séparation de différents acides phosphoreux pat chromatographie de gaz 


jues n'a pas reussi. Cet article décrit une méthode quantitative de séparation 


xclusion d’ions sur des résines spéciales Dowex 50-X4 de faible capacite 


ANALYSIS OF KNOWN MIXTURES 


Found, Taken Found, 


mmoles. recovery mmoies mmoles recove 


H.PO, 0-03 037 104 2 0-0375 2? 0-0401 
MePO(OH 0) 00-0481 ] 0-0505 5 00-0556 
FtPO(OH ( $44 0-04] j 0-04 0-0446 513 0-0495 
HOPO(OM 0-O17 O-Ol¢ 0-0177 0-0174 0-0220 
PrPO(OH 0-014 0-013 ) 0-0140 0-0145 3 0-0165 
HOPO(O!I ) 0-0454 j 0-0484 0-0520 56¢ 0-0532 
BuPO(OH ( 33] 0-0286 ) 0-0331 00-0347 } 0-0379 
HOPO(OP 0-037 00-0383 1( 00-0379 0-0395 9 0-045? 
HOPO(OB ( 379 00-0367 0-037! 0-0398 44) 0-0453 


M 


tion co il 1 the loss of eluate from | 398 to L 428 


rac 
BuPO(OH)., the re ry of this compound is low. This value has been 
14 ‘ 


irg Geviallol 
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Summary ynditions have been developed for the titrimetric determination of titanium!!! with 
idate in a hydrochloric acid medium at room temperature, using neutral red, or 
or safranine-T as redox indicators. A study of the indicator reactions has shown 
luced dye is rapidly oxidised by a trace of sodium metavanadate, the oxidised dye is 
reduced by titanium in a hydrochloric acid medium. The reaction is, however, 
ited by oxalic acid even at room temperature. This catalysis enables the satisfactory 

yf these dyes as internal indicators for the titration of titanium!!! with vanadium‘ 


ve which is discharged by titanium!!! in a hydrochloric acid oxalic acid medium 
all of the titanium!" is oxidised to titanium!*. In this titration the vanadium’* 
Iron!! an w concentrations of vanadium do not interfere in the 


Methy blue cannot be used as a redox indicator in this titration 


SmiTH and Kurtz' employed cerium!’ sulphate for the differential visual titration of 
titaniun and iron!! in a carbon dioxide atmosphere using methylene blue and ferroin 
as indicators for the first and second parts of the titrations. Shippy* carried out the 
‘rmination with potassium permanganate. The mixture was first titrated at 

n a carbon dioxide atmosphere with potassium permanganate using methylene 

as indicator, then titrated at room temperature using ferroin as indicator. The 

es a measure of titanium!" and the second titre gives a measure of iron", 
Syrokomskii and Silaeva’® titrated titanium!!! with cerium!Y sulphate solution, using 
cacotheline as indicator. They stated that the titration could be carried out even in the 
presence of air, if the mixture is treated with 15 ml of saturated ammonium sulphate 
solution or 10 ml of acetic acid. They believe that the complexes formed by titanium!™! 


with ammonium sulphate or acetic acid are suffiently stable to resist oxidation by 


atmospheric oxygen during the titration. Wehber, Johannsen and Heydecke* carried 


out the determination of titanium!" and iron! in a mixture, employing potassium 
dichromate as an oxidimetric titrant and cacotheline and the sodium salt of N-methyl- 
diphenylamine sulphonic acid as redox indicators. From a survey of the literature, it 
appears that the titrimetric determination of titanium!!! has not so far been made with 
sodium metavanadate using redox indicators. When vanadium’ solution is added 
slowly to a titanium!!! solution, the vanadium’ is reduced to vanadium!"!; 


VO, 2Ti** — V* 2TiO* (1) 
Although vanadium!’ may appear as an intermediate, it will be reduced further to 
vanadium!!!, The vanadium!!! is capable of reacting further with vanadium’ : 
V3+ + VO,+ —» 2VO2 (2) 
438 
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The end of (1) can be detected by indicators having such low redox potentials that 
their reduced forms are easily oxidised by vanadium!Y. We have carried out the 
titration of titanium!!! using neutral red, phenosafranine and safranine-T as redox 
indicators. According to Tomiétek,” these indicators have normal potentials of 0-34 V, 
0-25 V and 0-289 V, respectively, at pH 7 and a temperature of 30°. From the results 
presented in Table I, it will be evident that the speed of reduction of any one of these 
dyes by titanium! in a 1-ON hydrochloric acid medium is very slow at room tempera- 
ture. The reduction of the dye by titanium!!! is, however, much accelerated by a small 
concentration of oxalic acid. It has therefore been found possible to carry out titra- 
tions of titanium!!! with sodium metavanadate in a hydrochloric acid medium at 
room temperature, using any one of these dyes as an internal indicator in an inert gas 
atmosphere. 
EXPERIMENTAI 

Reagents 

Titanium'"' solution: The sample of titanium!!! chloride employed in this investigation was of 
Analytical Reagent quality supplied by May and Baker, London. It was tested and found to be free 


from iron!!. A 0-05N solution of titanium!!! in 2N hydrochloric acid solution was prepared from 
this sample and stored in the customary manner in an atmosphere of nitrogen. It was standardised 
by adding an aliquot to an excess of iron''' alum solution and titrating the iron"! formed against 
standard potassium dichromate solution, using diphenylbenzidine as internal indicator 

Sodium metavanadate solution: A 0-O5N solution was prepared from B.D.H. AnalaR-grade 
ammonium metavanadate, by dissolving the requisite quantity of the sample in 300 ml of water and 
heating with a slight excess of sodium carbonate until all the ammonia was driven off. The solution 
was cooled and made up to | litre, and was standardised against a solution of Mohr’s salt, which in 
turn had been standardised against a standard solution of potassium dichromate. 

Indicator solutions: A 0-1% aqueous solution of each indicator was prepared from a sample 
supplied for use as a biological stain. A 0-1-ml portion of this solution was added to 50 ml of the 
titration mixture. In 1-0N hydrochloric acid the colours of the three indicators (neutral red, pheno- 
safranine and safranine-T) are found to be purple, reddish-purple and red, respectively. These 
change to colourless when reduced to the leuco state. I resh solutions of the indicators should be 
used. An aged sample of phenosafranine gives considerable trouble in the detection of the true 
end-point 

RESULTS AND DISCUSSION 


Influence of oxalic acid on the speed of reduction of neutral red, phenosafranine, 


and safranine-T by titanium'"! 


Fifty ml of 1N hydrochloric acid containing 0-1 ml of the indicator solution were transferred to a 
vessel fitted with a three-holed stopper. Through the central hole passed a microburette connected to 
the storage bottle containing titanium!'', and the two other holes carried the inlet and outlet tubes for 
passing carbon dioxide. Carbon dioxide was passed through the vessel for about 10 min, and 0-05 ml 
of about 0-05N titanium!!! chloride solution was then added from the microburette. The time taken 


for the discharge of the indicator colour was noted. The observations are recorded in Table I. 


It is evident from Table I, that the speed of reduction of the indicator by titanium! 


is very slow and that it is markedly accelerated by oxalic acid. The formal potential of 
the Ti'Y/Ti!"! couple in 1N hydrochloric acid at 28° was found to be 0-027 V against 
the normal hydrogen electrode. The formal potential was not altered by the addition 
of oxalic acid at concentrations lying between 0-005 to 0-100 moles per litre to a 
solution containing titanium! and titanium!’ each at 0-005M concentration. 


Although no change in potential was observed on the addition of oxalic acid to the 
titanium! !titanium!Y mixture, the mixture developed a yellow-brown colour even in 
1-0 N hydrochloric acid. This indicates the formation of a complex which is quite 
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TABLE I. INFLUENCE OF OXALIC ACID ON THE SPEED OF REDUCTION OF NEUTRAL RED, 


PHENOSAFRANINE AND SAFRANINE-IT BY TITANIUM!!! IN 1-ON HYDROCHLORIC ACID 


Time taken for the discharge of the colour of the dye, 
oxal c acid, SCC 
fre 


Neutral red Phenosafranine Safranine-T 


Nil 840 
0-005 120 
0-005 

O10 

070 

050 mediat immediate immediate 


100 nmediat immediate immediate 


Pecsock® has already reported that the titanium!!—oxalate 
and has the composition titanium!!: oxalate 1:2, and that the 
complex is colourless. Our observation that there is no change of 

d to the titanium!!-titanium!’ mixture leads to the 


s of titanium!!! and titanium!’ have nearly 


onstants. A similar conclusion appears to have been arrived at by 
polarographic studies. It is very significant that oxalic acid exerts a 
rating action on the reduction of the dye by titanium!!, although it does 
yf titanium!!!, The transition potentials of the three 

V, + 0:16 V and +0°17 V for neutral red, pheno- 

, respectively. These are the potentials at which the indicator 

in 1-ON hydrochloric acid in the presence of oxalic acid and in an 


+ 


of carbon dioxide at 28°. Under the conditions of titration recommended 


indicator correction has been found to be negligible. 


10-15 ml of 0-5M oxalic acid and 0-1 ml! of 0-1 °, indicator 

tted with a four-holed stopper. Through two holes pass 

t tubes for passing carbon dioxide and through the other two holes pass the micro- 

sodium metavanadate solution and the microburette attached to the titanium!!! 

A stream of carbon dioxide is passed through the mixture for 10 min to free it from air 

he titanium!!! solution (about 3—5 ml of about 0-05N solution) is then added to the 

mixture is titrated with sodium metavanadate solution while carbon dioxide continues 

Phe end-point of the titration is sharply indicated by the appearance of the original 

colour of the dye. The progress of the titration is also indicated by the gradual disappearance of the 
-brown colour of the titanium oxalate complex, the titanium'Y—oxalate complex being 
colourless. In dealing with dilute solutions, the blue-green colour of vanadium!!! does not mask the 
strong purple colour of neutral red, the reddish-purple colour of phenosafranine or the red colour of 


safranine-T. In titrations of titanium!!! solutions of higher concentration than that indicated above, 


this difficulty arises 


A large number of titrations have been made under the conditions recommended 
and some typical results are presented in Table II. In this titration the vanadium’ 
is reduced to vanadium!. Hence the equivalent weight of sodium metavanadate is 
equal to half the formula weight. 
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PABLE Il. VANADAMETRIC DETERMINATION OF TITANIUM! 


Amount of titanium!! taken, Amount of titanium!!! found, 
Indicator : . : 
millimoles millimoles 


0-8463 0-8458 
00-6356 6361 
2» 


5328 5374 


2664 2659 


/ 


Variation of hydrochlori icentration 


[he acid concentration of > titration mixture ca » varied from IN to 3N 


hydrochloric acid without affecting the accuracy of the titration. All three indicators 


have a purple colour in 3-0N hydrochloric acid which is slightly different from the 


colours in 1-ON hydrochloric acid 


moter f , via f , 
{dvanta TES ( fhe vandaddametric procedure 
l 


As the transition potentials of neutral red, phenosafranine and safranine-T are 
lower than the redox potentials of vanadium!!! and iron", it is obvious that titanium!!! 
can be titrated with sodium metavanadate in the presence of vanadium!" and iron! 


using these indicators. Vanadium!!! 


and iron!! interfere in the titration of titanium!!! 
with sodium metavanadate if indicators like diphenylbenzidine, N-phenylanthranilic 
acid and ferroin are employed. A large number of titrations of titanium!" have been 
made with sodium metavanadate, using neutral red, phenosafranine or safranine-T in 


the presence of iron! or vanadium!!! 


under the recommended conditions, and these 
have shown that iron! and vanadium!" do not interfere. The vanadium!!! should not 
be present in such a concentration as to mask the colour of the indicator. 

Potassium dichromate has been tried as the oxidimetric titrant in place of sodium 
metavanadate but the results were found to be high and erroneous, presumably 
because of the reaction between titanium!!! and chromium’! inducing a reaction 
between oxalic acid and chromium’Y!. 


Zusammenfassung—Bedingungen zur titrimetrischen Bestimmung von Titan(III) mit Natriummeta- 
vanadate in salzsaurer Lésung, bei Zimmertemperatur und unter Verwendung von Neutralrot, 
Phenosafranin oder Safranin T als Redoxindicator wurden entwickelt. Es wurde gefunden, dass der 
reduzierte Indicator sehr rasch durch Metavanadat oxydiert wird, wahrend die oxydierte Form nur 
sehr langsam durch Titan(III) reduziert wird. Die letztere Reaktion wird jedoch durch Zusatz von 
Oxalsaure wesentlich beschleunigt und das selbst bei Raumtemperatur, sodass jeder der erwahnten 
Farbstoffe als Indicator verwendet werden kann. Die Farbe der Indicatoren verschwindet in Salz- 
Oxalsauremedium auf Zugabe von Titan(II1), wird jedoch rasch wiederhergestellt, wenn alles Titan 
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Titration wird Vanadin(V) zu Vanadin(II1) reduziert. 


tigen Stufe oxydiert ist. In dieser 
Methylenblau kann als 


zur vierwet 
kleine Mengen von Vanadin(II1) st6ren die Bestimmung 


Eisen(Il) und 


Indicator verwendet werden 


Resume iuteurs ont 
le sodium 


la phénosafranine ou la safranine T comme indicateurs d’oxydo-réduction 


‘indicateur a montre que, tandis que le colorant réduit est oxydé rapidement par une 


mis au point les conditions du dosage titrimétrique du titane(III) par le 


en milieu acide chlorhydrique a la température ambiante, en utilisant le 
Une étude 


le sodium, le colorant oxydé est réduit seulement trés lentement par le titane- 


lant, la réaction est notablement accélérée par l’acide 


ladate « 
de chlorhydrique 
Cette catalyse permet a n’importe lequel de ces colorants 


temperature ambiante 
La 


dicateur interne pour le dosage du titane(III) par le vanadium(V). 
1i est masquée par le titane(II1) en milieu acide chlorhydrique-acide oxalique, 


itane(II1) est oxydé en titane(IV). Dans le titrage le vanadium(V) 


tout le ti 
Le fer(II) et de faibles concentrations de vanadium(II1) ne génent pas 


nctionne pas comme indicateur interne 
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PRELIMINARY COMMUNICATION 


Die Bestimmung yon Fluor in Mineralwassern mittels Zr-Xylenolorange 


(Received 28 December 1960; revised paper received 9 March 1961) 


ZuR Bestimmung kleiner Mengen von Fluor niitzt man meistens ihre Fahigkeit aus, farbige Chelate oder 
Komplexe einiger Metalle zu zersetzen. Aus der Tabelle ist ersichtlich, dass der Einfluss det Kompo- 
nenten, welche bei dieser Bestimmung st6ren, klein ist, wenn man zu diesem Zweck Zr-Xylenolorange 
beniitzt. Im Vergleich mit der das erstemal von Megregian' ver6ffenslichten Zr-Eriochromcyanin 
Methode, welche fiir eine der besten gegenwartigen Fluorbestimmungen gehalten wird,” ist in der 
neu vorgeschlagenen Methode z.B. der I influss von Phosphaten um zwei und der Einfluss det Sulphate 
um mehr als eine Gréssenordnung kleiner. Ausserdem ist die Zr-Xylenolorange-Methode um eine 


halbe Grdssenordnung empfindlicher Ausfiihrlichere Angaben werden spater ver6ffentlicht 


TABELLE | Der EINFLUSS DER HAUPTSACHLICH 
STORENDEN KOMPONENTEN IN 1,2 n HCI 


ug/50 ml 


5000 PO, 
50 Al 
2000 Fe 
6000 SO? 
10000 SO, 
16000 SO, 


* Bei dem Gebrauch verschiedener Praiparate von Xylenolorange (der 
Einfluss von 6—24 festgestellt. Grodssere Fehler entstehen wahrscheinlich 
Xylenolorange Wenn man nadmlich die L6sung des Praparates mit kleinstem 
violettem Licht beleuchtete, verminderte sich das Absorptionsmaximum (440 1 


Einfluss der Sulphate erhdhte sich 


Der Hauptgrund des kleineren st6érenden Einflusses fremder Ione in der neu vorgeschlagenen 
Methode ist die grossere Stabilitat des Chelates von Zirkon mit einem Farbstoff, welches zwei N,N- 
di(carboxymethyl)-aminomethyl Gruppen hat. Diese Stabilitat ermdglicht die Bestimmung von 
Fluor in einem relativ stark sauren Milieu, welches z.B. den lon AIF** zersetzt, welcher bei der 
Fluorbestimmung schon bei gleicher Menge von Aluminium und Fluor oft betrachtliche negative 
Fehler verursacht.* Beim Gebrauch stabiler Chelate aussert sich auch am besten der Unterschied in 
der Festigkeit der Bindung von Zirkon mit z.B. Fluorid und Sulphat. Wenn im Gegenteil die Bindung 
von Zirkon mit dem Farbstoff schwacher ist als die zwischen Zirkon und Sulphat, ist die Destruktions- 
wirkung der Sulphate und Ff luoride gegeniiber einem solchem Chelat praktisch dieselbe 


ARBEITSVORSCHRIFT 


Wenn das analysierte Naturwasser ungefahr 1 mg F/1 enthalt, werden 10 ml der Probe in einen 
50 ml Messkolben mit 10 ml Zirkon-Lésung* pipettiert. Nach einer 20 Min. dauernden Erwaérmung 


* Bei der Herstellung der Zirkon-L6sung wurden 30,0 mg ZrOCI,.8 H,O in etwa 40 ml dest. Wasser 
aufgelést und einer ausgekiihlten verdiinnten Salzsaure (500 ml konc. HCl ca 400 ml H,O) beigemischt 
und auf 1000 ml aufgefiillt. Damit die Polymerisation der Zirkonionen ausgeschlossen wird, ist es nicht 
ratsam, die Temperatur der LOsung unter 20° sinken zu lassen. 
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60° und einer 40 Min. dauernden Abkiihlung der Lésung werden 2,00 ml einer 0,20°¢ 

Lésung von Natrium-Xylenolorange beigegeben und das Volumen der Lésung auf 50 ml 

Nach ungefahr 1 St. werden die Lésungen in Kiivetten von 4 cm Messlange bei 540 my 
ier gleich zubereiteten Bezugslésung mit 20 wg F/50 ml photometriert 


re Fluorgehalt der Proben wird mittels einer Eichkurve ausgewertet, deren Verlauf 


ieder Bestimmungsserie mit Hilfe einiger Eichl6sungen und mittels eines Korrektions- 


len Sulphatgehalt bestimmt 

wurden mit Hilfe des Spektrophotometers Uvispek der Fma Hilger durchgefthrt 
der Xylenolorange ahnlicher Farbstoffe wie z.B. Sarko- 
v. und auch Arsenazo III verfolgt 


ROMAN VALACH 


7Z.usammenfassung—Die ne vorgeschla € le Iche die Entfarbung des Chelates von 
Zirkor ( re in 1 einer beildufig 1.2N Salzséure ausniitzt, ermdglicht eine 
. ’ el issern und anderen Materialen mit hohem Gehalt an 


P C 1) {1 Aluminium und anderen lonen 


Summary d | Set sec n tl orisé n < he zirconium—Xylenol Orange 


ne in mineral 


te, aluminium, 


Résumée—Le d lu re est é sur la décoloration du chélate z lium-xvlénolorange en 


f} 


met de doser rapidement le fluor dans les eaux 


hosphate, sulfate, 


us grandes quantités de p 
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SHORT COMMUNICATIONS 


Precipitation from homogeneous solutions of mixed solvents 
1961 


s solution has beer 


it past 


the other ts 
he desired _— 
ne daesiread con 


nr ; f 
precipitation oO 


the first case the 
solution must be 


he second ise the use 
luble over the pH 
for selective pre 


This project represents an attem] irrive at a method whereby a general precipitating agent may 


be used to effect precipitation from an initial mogeneous solution of any desired pH. The general 


principle of the procedure involves the fa rganic precipitant which is adde a mixture of 
the solution containing the ion to be precipitat nd a water-miscible organic solvent. Then, after 
bt 


the addition of the buffer, the organic solvent is removed by a slow volatilisation and precipitation of 


j | riffe 1" 1 > i) | " il the . 

the desired compound at a pre-selected pH is permitted. That such a process should yield the desired 
‘ r ' > Ailitw ? » t n ] ne > " ne 

increase in crystallinity, with its associated increase in ability to separate similiar species, is borne out 


by recently reported work of Firsching’ a y an earlier paper by Wilson and Wilson 


Che present authors have shown that this method may be successfully employed for precipitating 
aluminium 8-quinolinate from a homogeneous acetone-water mixture to which all the requisite 
components, including buffering reagents, have been added. The procedure employed was to mix ina 
250-ml beaker exactly 10 ml of an aluminium!" solution and 50 ml of distilled water. To this mixture 
were then added 60 ml of acetone, 4 ml of 5% 8-hydroxyquinoline in 2N acetic acid, and 40 ml of 2N 
ammonium acetate. The reaction mixture was placed on a water bath at 70°—75° and left uncovered 

Visible precipitation began after about 15 min. At the end of the evaporation period the 
beakers were removed from the bath, allowed to cool, and filtered through medium-porosity sintered- 
glass crucibles. The precipitates were washed three times with distilled water and dried for 3 hr at 
135°-140 The product was weighed as anhydrous Al(€ 1H.ON) 

The aluminium!!! solution was prepared from KAISO,°12H,O so that 10 ml contained 10-06 
0-03 mg of Al"! as shown by the analysis of ten samples by the method of Olson, Koch and Pimentel.‘ 
When the above procedure was followed, the Al recovered from ten samples of 10 ml each was 
10-04 0:04 mg. The precipitates obtained were highly crystalline and were very easily filtered and 
washed 


Using a similar procedure, samples containing 10 mg of Mg" have been analysed with good 


precision and accuracy, but with little improvement over conventional methods in the crystallinity of 


the precipitates formed or in the ease of filtering and washing. Precipitates obtained by both the 
evaporation method and the usual method of direct addition are grainy and easily handled 

In the case of zinc'! even large amounts of acetone fail to retard precipitation longer than about 
1 min after the addition of the buffer solution. A co-precipitation study of magnesium!" 8-quinolinate 
on zinc!! 8-quinolinate was made, and the results obtained were essentially identical to those of Moyer 
and Remington 
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In addition to these studies, research on other solvent systems, cations, interfering ions and organic 
precipitating agents is in progress. Qualitative precipitations of aluminium'' 8-quinolinate from 
nixtures have been accomplished although the use of such mixtures entails evaporation 
times longer than those required when acetone is the organic component 


ethanol-wate 


rhe authors gratefully acknowledge the financial support provided by the Research 


Lester C. Howick® 
JERRY L. JONES 


Summary sb 


Ce 


shown that precipitation from homogeneous solutions of mixed solvents may 
be effecte 


he preferential volatilisation of one of the solvent components 


fr 
iT¢ 


The precipitation of 
ym an acetone-water system yields quantitative results and a highly 


Zusammenfassung—Es wird gezeigt, dass Fallung aus homogener Lésung erzielt werden kann, indem 
| 


ler LOsungsmittelkomponen 


Alun umoxinat ergibt quantitative Fallung aus Azeton-Wassermischung und ein 
er Niederschlag wird et 


ten bindrer Solventien bevorzugt verdampfen lasst. Die 
Ziel 


que la précipitation homogeéne a partir de solvants mixtes peut étre 
préferentielle de l'un des constituants du solvant. La précipitation du 
le systeme eau-acétone donne des résultats quantitatifs et un précipite 


ENCES 


itation from Homoge neous Solution. John Wiley 


1956 


tory Quantitative Chemistry. W.H. Freeman 


1938, 10, 212 


XXIX. Mitteilung uber quantitative organische Analyse! 


Eine automatische Methode zur Mikrobestimmung von Kohlenstoff, Wasserstoff und Stickstoff 
in organischen Substanzen 


ved 21 December 1960. Accepted 19 January 1961) 


Wir haben 


man 


len, dass sich Mikroeinwaagen organischer Substanzen blitzartig verbrennen lassen, 
if dem Schiffchen mit aktiven, durch thermischen Zerfall von Kobaltoxalat erhaltenem 

Die Verbrennung kann man in einigen Sekunden ohne Explosionsgefahr durch- 
die Oxydation quantitativ verlauft, falls man die Produkte ber eine Schichte von 


Co,O, auf einem geeigneten Katalysatortrager® sowohl in Sauerstoff- als in Stickstoff- wie auch in 
Kohlendioxyd-Atmosphare fuhrt 


Co,0, 


f 


Damit wurden einerseits die Methoden zur gravimetrischen Bestimmung von Kohlenstoff und 
Wasserstoff sowie zur gasvolumetrischen Bestimmung von Stickstoff extrem vereinfacht und wesent- 
lich beschleunigt,* anderseits konnten wir zur direkten Bestimmung der Verbrennungsprodu kte 
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mittels Warmeleitfahigkeit schreiten und damit den Weg zur Ausarbeitung von einfachen, volauto- 
matischen Methoden der Elementeranalyse er6éffnen 

Bei der blitzartigen Verbrennung verlassen die Verbrennungsprodukte das Verbrennungsrohr in 
einer Konzentrationswelle (siche z.B. Abb. 1); zu Druckveranderungen kommt es im Messystem in 
kurzen Zeitintervellen und das noch friiher, ehe die Front der \ erbrennungsprodukte die Messzellen 
erreicht, sodass die Messung unbeeinflusst bleibt und die Bestimmung der Produkte ohne nétige 


Vorkondensation erméglicht wird 


Ass. 1. Blitzartige Verbrennung von 1,203 mg des Acetanilids im Sauerstoffstrom. Die 
Konzentrationsaufnahme von CO, 


Bei der Kohlenstoffbestimmung wird die eingewogene Substanz im Sauerstoffstrom verbrennt; 
nach Auffangen der Halogene, Schwefeloxyde, des Wassers und der Stickoxyde wird das Kohlen- 
dioxyd durch Messung der Anderung der Warmeleitfahigkeit bestimmt, die mittels eines Schreibers 
registriert wird. Bei der Wasserstoffbestimmung wird die Substanz im Stickstoffstrom verbrannt, 
wobei die oxydierende Fillung des Verbrennungsrohres eine Schichte von CuO und Co,0, auf 
Korund bildet in einer weiteren Schichte von Eisenfeilspanen kommt es zur Konversion von Wasser 
in Wasserstoff, der durch Anderung der Warmeleitfahigkeit bestimmt wird. Die Bestimmung von 
Stickstoff wird im Kohlendioxydstrom in ahnlicher Weise ausgefiihrt, wie die Kohlenstoff und 
Wasserstoffbestimmung; als oxydierende Rohrfiillung dient Co,O, und eine Schichte von CuO. 

Die Auswertung und Berechnung erfolgte vorlaufig durch Wagung der vom Schreiber aufgezeich- 
neten ausgeschnittenen Flachen. In Zukunft soll ein Integrator verwendet werden. Die Eichungs- 
kurven wurden durch Analysen von Standardsubstanzen erhalten. Bisher wurden Resultate folgender 
Genauigkeit erreicht; Kohlenstoffbestimmung s m +-0,46%; Wasserstoffbestim= ung s +0,16%:; 
Stickstoffbestimmung s +0,27%. Einige Resultate befinden sich in Tabelle I. 





Short communications 


TABELLE | 


Formel Berechnet Gefunden 
(Mol. Gewicht) 


Wasserstofl Wasserstofl 
2,91 
6.48 


11,29 


yhlenstofl Kohlenstot 
32 4? 60 $1. 


68.06 69. 


nit dem Ziel, ihr ‘nauigk zu steigern; 


werden und die le soll ebenfalls im 


die Uberpriifung anderer Methoden det 


letektoren). Ausarbeitung einer Methode zur 


Wasserstoff, mdglicherweise die Verwendung 


on Czechoslov. Chem. Commun. angefiihrt 


EXPERIMENTELLER TEII 


ler Verbrennungsprodukte wurde ein semidiffuses Thermoelement verwendet, 

mit 100-150 mA gespeist wurde (Bestimmung von Kohlenstoff und Wasserstoff) oder 

0.2%; die graph- 

ifzeichnung erfolgte mit dem automatischen linearen Schreiber “Honeywell” mit einem 
Skalenumgfang 10 m\ 

Das pulverfOrmige Co,;0, wurde durch thermischen Zerfall von Kobaltoxalat bereitet,’ weiter 
wurde dieser Katalysator auf Korund als Trager* verwendet. Die ubrigen Reagentien waren die bei 
der Elementaranalyse itiblichen (siehe z.B.°) 

Zur Verbrennung und Erwarmung wurde die elektrische Universalapparatur verwendet, die schon 


friiher beschrieben wurde 


Kohlenstoff bestimmung 


Das Verbrennungsrohr aus Quarz (Durchmesser 9 mm, Lange 320 mm) wird beginnend am 
Schnabel mit Silberwolle in einer Lange von 50 mm gefiillt; die Temperatur an dieser Stelle ist 600°. 





Short communications 449 


Dann folgt eine 50 mm lange Schichte von Co,0, auf Korund ( Temperatur 700°). Die eingewogene 
Substanz (1-2 mg) wird mit 30-40 mg pulverfOrmigen Co,0, bedeckt. Die Geschwindigkeit des Sauer- 
stoffstromes ist 15 ml/min, die Zeitdauer der Bestimmung 5—7 Minuten 


Wasserstoff bestimmung 


Im Quarzrohr (Durchmesser 9 mm, Lange 450 mm) befindet sich eine Schichte von FE isenspanen 
(120 mm), eine Schichte von CuO (30 mm) und Co,O, auf Korund (S50 mm) und wiederum eine 
Schichte von CuO (20 mm). Die ganze Fiillung wird auf eine Temperatur von 650° erwarmt; die 
Geschwindigkeit des Stickstoffstromes ist 20 ml/Min., die Zeitdauer der Bestimmung 4-7 Minuten 
Es wurde festgestellt,’ dass es unter den gawahlten Bedingungen zu einer 97-99 igen Konversion 
des Wassers zu Wasserstoff kommt 


Stickstoffbestimmung 


Im Quarzrohr (Durchmesser 11 mm, Lange 600 mm) befindet sich eine Silberschicht (30 mm 


ic 


Temperatur 550°), eine Schichte von Cu (40 mm, Temperatur 550°), eine Schichte von Co,O, und 
CuO (50 resp. 200 mm, Temperatur 700°). Die eschwindigkeit des Kohledioxydstromes ist 10 ml/Min 


Die Zeitdauer det timmung 7—10 Minuten 
VECERA 
Miki 
For 
Pare LDI1CE Rybit 
Zusammenfassung ine Methode zur automatischen Bestimmung N in organischen 


Verbindungen wird bescht n ie Methode arl *t unter isnutzung I at leitfahigkeit 


rhya "hh j > > > 
ye du carbone, de | hydrogene et 


Résume—L auteur décrit une méthode automatique de microdosage 


de l’azote dans les composés organiques. La methode depend de la mesure de conductivite calorifique 
et utilise Co,0O, comme catalyseur de combustion 


RATUR 
XXVIII. Mitteilung: M. Vetera, Coll 


1. Czech. Chem. Comm., im Druck 
M. Veéera, D. Snobl und L. Synek, Mikrochim. Acta, im Druck 
> M. Vecera, Coll. Czech. Chem. Comm., im Druck 
*M. Vecera und L. Synek, Mikrochim Acta, 1960, 208 
F. Pregl, Die quantitative organische Mikroanalyse. Neu bearbeitet von H. Roth, 6. Ausg. Springer, 
Wien 1947 
5 M. Vecera und J. Bulusek, Mikrochim Acta, 1958, 41 


M. Vecera, J. Petranek, bisher noch nicht ver6ffentlicht 
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BOOK REVIEW 


Proceedings of the Symposium on the Chemistry of Co-ordination Compounds. Agra, India, February 
7th and 8th, 1959. In three volumes: Part One, General Survey, pp. 148 ili, Rs. 15.00: Part 


Valence Bond Considerations, Stereochemistry and Structure, Techniques and Methods of 
Part Three, Reactions, Stability and Thermodynamic Con- 


Two 
Investigation, pp. 203 i, Rs. 25.00 
siderations, Stabilisation of Valence States, Analytical Applications, Miscellaneous, pp. 302 x, 
Rs. 35.00. Published by National Academy of Sciences, India, Lajpatrai Road, Allahabad, 1960 


THERE a ibout ninety papers in these volumes, of which twenty-three come from laboratories 


1 } nd the rest from various Indian research establishments. Most of the papers describe 


outside dia, and 


estigations by conventional methods, which will interest the reader chiefly to the 


t that happen to impinge on his own field of work. In the reviewer's opinion the main value 


extent tha ney appen 
of symposium publications of this sort lies not in the research reports, which could be and should be 
published in 1 rdinary chemical journals, but in the sprinkling of general review papers by out- 
standing contributors. Unfortunately the papers of this type given at the Agra symposium are not 
all in Part as might have been expected from the title, but are also to be found in Part Two, with 


a couple in Part Three. Among these the following deserve special mention: a paper from J. Chatt’s 
laboratory on Pt complexes with acetylenic substances; V. Gutmann on the properties of arsenic 
trichloride and phosphorus oxychloride as solvents; D. G. Bradley on metal alkoxides; H. L. Nigam 
on bonding in carbonyl complexes; F. J. C. and Hazel Rosetti on stability constants; G. Mitra’s 
papers on fluoro and hydroxyfluoro complexes, especially of boron; and the Presidential Address by 
P. Ray reviewing concisely the whole field of co-ordination chemistry. 

While many of the papers in this publication are excellent and interesting, the general impression 


it gives is of a vast mass of not very closely related material, collected from almost every branch of 


Consequently anyone who buys it for his private bookshelf is likely to end up 


inorganic chemistry 
reproaching himself for extravagance and poor judgement. It does, however, deserve a place as a 


work of reference in chemical libraries 


H. G. HEAL 
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NOTICES 


Tuesday-Thursday 10-12 October 1961: Oak Ridge National Laboratory: Fifth Conference on 
Analytical Chemistry in Nuclear Reactor Technology and Second Conference on Nuclear Reactor 
Chemistry. Gatlinburg, Tennessee, U.S.A 


The Conference on Analytical Chemistry in Nuclear Reactor Technology will be devoted to 
improved methods and instruments for the analysis of many nuclear reactor materials and products 
Papers are especially solicited on the following or related subjects: measurement of burnup of 
uranium or plutonium fuels; isotopic analysis; determination of gases in reactor materials; methods 
and instruments for on-line analyses; remote analysis of radioactive materials: non-destructive 
testing of nuclear fuel elements and other reactor materials; analysis of (a) beryllium, beryllium oxide, 
cermets containing beryllium oxide, (b) zirconium and niobium alloys, (c) heavy water, and (d) 
plutonium and plutonium-base fuels 

In addition to papers setting forth specific achievements, review papers critically evaluating the 
“state of the art” with respect to any of the foregoing subjects are solicited 

Authors are requested to submit an abstract of 200-400 words of their paper not later than 15 
July, 1961, and at the same time to indicate the time required for their presentation (not to exceed 
20 min) 

Proceedings of the conferences are to be published. Manuscripts of papers for publication should 
be submitted prior to or at the time of the conferences 

Abstracts of papers and enquiries regarding the analytical chemistry section should be addressed 


to: C. D. Susano, Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, Tennessee, U.S.A 


Enquiries concerning accommodation or requests for reservations should be addressed to 


Reservation Services, Chamber of Commerce, Gatlinburg, Tennessee, U.S.A 


The seventeenth Annual General Meeting of the Microchemistry Group of the Society for 
Analytical Chemistry was held at Burlington House, London, W.1, on Friday, 24 February 1961. The 


Chairman of the Group, Mr. | Howes, presided 


The following were elected Officers of the Group for the forthcoming year 


Chairman: Mr. C. WHALLEY 

Vice-Chairman: Miss M. CORNER 

Hon. Treasurer: Mr. G. INGRAM 

Hon. Secretary: Mr. D. W. WiLson, Chemistry Department, Sir John Cass College, . Jewry 
Street, Aldgate, London, E.C.3 
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PAPERS RECEIVED 


Continuous coulometric titration of micro quantities of iron in water. TAKEO TAKAHASHI 


SAKI \ 29 Maré 1961) 


and HIROSHI 


litrimetric analysis with chloramine-T—IV: The chloramine-T-iodide reaction. E. BisHop and V. J 


JENNINGS { 1961) 


Ihe use of ruthenium as a catalyst in redox titrations. C. J. KEATTCH » April 1961) 


Determination of alkali sulphides by direct titration. SANDOR A. Kiss. (14 April 1961) 


Untersuchung der Kationensorption aus Komplexanmedium-I: Chromatograpische Trennung des 
Calciums und Strontiums. PAVEL POVONDRA, ZDENEK SULCEK, RUDOLF PRiBIL und RICHARD 


STA? 8 A 


Precipitation of metal 8-hydroxyquinolates from homogeneous solution—IV: Uranium. JON BoRDNER, 


E.D.S sr 1] § GORD (19 April 1961) 


ON 


Use of nickel phthalocyanine sulphonic acid as a redox indicator in cerimetry—I. G. GopaALA Rao and 
N. VENK 4 RAC il 1961) 


5-Amino-2-benzimidazolethiol as a new analytical reagent—Il: Spectrophotometric determination of 
rhodium, and the simultaneous determination of rhodium and palladium. J. G. SEN Gt 


PTA. (27 April 


191 


Cerimetric determination of nickel phthalocyanine. N. VENKATESWARA RAO and G. GopaLa RAO 


— 


| 
{ | 


GOPALA 


Cerimetric determination of triphenylmethane dyes—I: Determination of crystal violet. G 


Rao and N. \ JKA SWARA RAC (2 1p 1 9¢ 


‘ yi} 


I 





EIGHTIETH BIRTHDAY OF PROFESSOR HOBART H. WILLARD 


Professor Hobart H. Willard receiving from Professor Louis Gordon (Regional Editor of 
Talanta) a blue leather-bound copy of the Willard Issue (Ta/anta 1961, 7, Numbers 3/4) 
presented on 12 May 1961, on behalf of the publishers of the Journal, Pergamon Press Limited, 
on the occasion of his birthday celebration at Ann Arbor, Michigan. Professors Harvey Diehl 
and G. Frederick Smith, members of the Advisory Board of Ta/anta, are also in the picture 


(Photo by Talbot Studios, Ann Arbor, Michigan, U.S.A.) 





rofessor Hobart H. Willard who v 


r rth ‘ ler t ' 
wirthday celebration 


Ross, Charle ton, Lynne L. Merritt, Jr... R. B. Hahn, Edwin W 
R. Ralston, ¢ I} Headlee Lamprey, Ross W. Moshier, Louis 
Gordon, Harvey iehl, G. Frederick Smith 


L. Chan, Elmer Leininger, H. H. Willard, Gibson, 


I rank Be 
R. K. McAlIp ‘ ron Soule 


ilbot Studios nn Arbor, Michigan, | 
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SPECTROPHOTOMETRIC DETERMINATION OF 
GERMANIUM WITH 
p-DIMETHYLAMINOPHENYLFLUORONE 


A. CAMPE and J. Host! 


Institute for Analytical Chemistry, Ghent University, Belgiun 
(Re ever tobe 1960 cepted 28 Decembe 1960). 


Summary—p-Dimethylaminophenylfluorone is investigated as a spectrophotometric reage 
germanium. In hydrochloric acid-ethanol solution a stable extinction is obtained over at least 2 


without the use of a stabilising agent. The reaction is sensitive and Beer’s law is followed ur 


concentrations of 0-24 wg of germanium/ml. Different factors able to influence the determination 


investigated: reagent concentration, acidity, temperature and amount of water. Possible interference 


of the most common ions is examined, from which it appears that the pr« d method is highly 


, n + 7 +> ; + 1] } 
selective The composition of the complex is finally determined b 


+ } ‘ ; ‘ ‘ ; 
method. It can be shown that the germanium: fluorone ratio in the 


INTRODUCTION 
HILLEBRANT and Hoste’ proposed a spectrophotometric determination of germanium 
with phenylfluorone after benzyl alcohol extraction. In this way the use of a stabilising 
agent, which is necessary to prevent the precipitation of the insoluble complex in 
aqueous solution, is avoided. The determination is also feasible in methyl isobutyl 
ketone as was shown by Senise and Sant’ Agostino.* 
Another method to avoid difficulties arising from precipitation of the complex was 


suggested by Kimura et a/.* who proposed a new fluorone derivative, dimethylamino- 
phenylfluorone (1). 


N(CH .) 


As this reagent contains a basic group, it was expected that a colloidal germanium 
complex would be avoided in an acidic aqueous medium. This was not substantiated 
by Kazarinova and Vasil’eva,t who found that the complex still showed colloidal 
character, although a stable extinction was claimed. The method proposed by these 
authors is, however, quite insensitive. Moreover, Beer’s law is valid only for optical 
densities up to 0-16 so that germanium determinations are only possible over a very 
limited range. Our work, which was already in progress when we took cognisance of 
this research, does not confirm these results. It seemed worthwhile, therefore, to 
report our investigation, in which a sensitive, direct spectrophotometric determination 
of germanium is proposed, since extraction procedures are time consuming and not 
always desirable. 

453 





A. CAMPE and J. HOsTE 


Although stable and reproducible results are obtained with phenylfluorone if gum 


arabic is used as a protective colloid,® the proposed method has the following advan- 


Beer’s law is valid for germanium concentrations between 0-04 and 0:24 ug/ml. 
2. Arsenic does not interfere, even in a 1000:1 ratio. 


rhe sensitivity is about twice as high. 


EXPERIMENTAI 


spectrophotometer, 1-000-cm Corex cuvettes 


1-4408 g of high purity germanium dioxide is dissolved in warm 
ip to | litre inaca 


librated flask 


Prepared by dissolving 50 mg of fluorone in ethanol in the presence of 


liluting to 100 ml with ethanol. 


AQUEOUS SOLUTION 


EXTINCTION AS A FUNCTION OF TIME IN 


Extinction at various times /r, 


0-702 83 0-675 0:667 
0-634 0-627 
0-553 


0-317 
0-133 


0-660 
0-610 
367 


0-143 


aqueous solution 


fii 


basic group is present in the reagent, one would expect that an adequate 


ht solubilise the germanium complex. Hydrochloric acid was chosen, since 
lly separated by distillation or liquid-liquid extraction from this 
rhe extinction of the germanium complex was examined as a function of 


| . . . , , 6K _& 5 
ydrochloric acid concentrations of 0-1, 0-25, 0:5, 1 and 2N. 
oxide solution (5 wg of germanium/ml) were introduced into a 25-ml 

t solution added and the solution made up to the mark with water and 

ons were measured versus germanium-free blanks at 504 mu (wave- 


reagent concentration used corresponds to a reagent:germanium molar ratio 
From Table I the extinction is seen to decrease with increasing acidity, as 
found by Kazarinova and Vasil’eva.* A stable extinction was not, however, 
\ larger excess of reagent, namely at reagent: germanium ratios of 60:1, 


nd 100:1, does not improve the stability. 


of the complex in alcoholic solution 


use the germanium complex obviously still has colloidal proporties in an 


aqueous medium, it was ascertained whether the use of ethanol would avoid the 


observed instability. 





Spectrophotometric determination of germanium 


One ml of germanium dioxide solution (5 ug of germanium/ml) was introduced into a series of 


25-ml calibrated flasks, then 3 ml of reagent solution followed by 0-18, 0-49, 1 and 2 ml of 12-2N 
hydrochloric acid were added. The solutions were diluted to the mark with ethanol, giving acid 
strengths of respectively 0-1, 0-25, 0-5 and 1N. The extinctions were measured versus blanks at 
506 my (0-1 and 0-:25N solutions) or at 513 my (0-5 and 1N solutions), corresponding to the wave- 


lengths of maximum absorption 


TABLE Il EXTINCTION AS A FUNCTION OF TIME IN ETHANOLIC SOLUTION 


Extinction at various times Ar, 


206 0-206 205 
From Table II it appears that the measured extinctions are considerably higher in 
an ethanolic medium than in water and are stable over at least 20 hr. Itis also apparent 
that up to 0-5N hydrochloric acid, the sensitivity is nearly independent of the acid 
concentration. A concentration of 0-5N hydrochloric acid was chosen for further 


work, because the coloration of the blanks decreases with increasing acidity. 


Influe nce of reagent concentration 


In O-SN hydrochloric acid the influence of the reagent concentration was examined 


as a function of time. Five reagent:germanium molar ratios were investigated. 


namely 20:1, 40:1, 60:1, 80:1 and 100:1. This showed that the maximum sensitiv ity 


is attained with a 60-fold excess. In this case a stable extinction is obtained after about 
0:5 hr lasting for at least 20 hr. 


/ 


Influence of the amount of water present 


Because germanium is usually present in aqueous hydrochloric acid solution in 


actual analytical problems, the maximum admissible amount of water was investigated. 


Five wg of germanium, dissolved respectively in 1, 2 and 5 ml of water, were introduced into 25-ml 


flasks. Three ml of reagent solution and | ml of 12:2N hydrochloric acid were added and the solutions 


made up to the mark. The extinctions were measure at is $13 mu 
rABLE III INFLUENCE OF AMOUNT OF WATER PRESENT 


Amount of Extinction at various times /r, 
water containing 
S ug of Ge, 


ml 


0-380 
309 0-315 2 330 0-33] 


It appears from Table III that the maximum admissible amount of water is 2 ml 
for a 25-ml total solution. Higher water contents lower the sensitivity and give rise to 


iess stable colorations. 
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Influence of the order of mixing of the reagents 


Although stable extinctions were obtained under the conditions outlined above, 
t appeared that the results were not reproducible in different series of experiments. 
It was shown that a definite order of addition of the reagents should be observed as 


well as certain standing periods. The final procedure, giving stable and reproducible 


ummarised below 


the germanium compiex 


nvestigation, 6N in hydrochloric acid, are introduced into a 25-ml 
is present as the dioxide instead of the tetrachloride, a standing 


rd of 201 necessary after the addition of the required amount of concentrated hydrochloric 


efore the next step is taken. Three ml of reagent solution are added. After 10 min the solution 


ip to the mark with ethanol. The extinction is measured versus a blank at a wavelength of 


} 


his corresponds to the wavelength of maximum absorption (see Fig. 1 for the absorption 


red by means of a Beckman DK-1 spectrophotometer) 
Influence of temperature 


Kazarinova and Vasil’eva* had already found that the extinction is strongly depen- 
dent on the temperature. This temperature dependency was examined systematically 
and the results are summarised in Fig. 2. 

\s is apparent from Fig. 2, the extinction appears to be a linear function of tem- 
perature from 19° to 27° and can be represented by the following equation, where 20 
is taken as reference 


Eso> + 0-0317 (20 
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ee 
a 
ee 
© 
a 
. 


Temperature, 


rmanium com] 


Calibration curve 

To examine the adherence to the Lambert—Beer law, the extinction was measured 
as a function of the germanium concentration at a temperature of 19 The results are 
represented in Table IV 


TABLE I\ CALIBRATION CURVI 
r of Ge/ml \k 


0-005 
0-005 
0-005 
0-015 
0-021 
0-005 
0-008 
0-005 
0-005 
0-005 
0-012 
0-045 
0-083 
0-36 7 8! 0-115 
0-40 f 0-165 


It appears that Beer’s law is valid up to 0:24 ug of germanium/ml: 


; | : . 
extinction coefficient, k 1,995 (c in ug/ml); standard error (for 0°04 up to 


0-24 ug of germanium/ml), — 0-010 or 0-50°%; molar extinction coefficient, 


1-995 1000 72-6 
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lhe influence of foreign ions, up to a ratio of 1000: 1 of foreign ion 


‘germanium was 
investigated. Tl] 


1e cations were present as their chlorides, the anions 


as their sodium, 
sium or ammonium salts. 


rhe results are presented in Table V. 


TABLE \ INFLUENCE OF FOREIGN ION 


Extinction for various ratios of 


foreign 10n: germaniun 


10:1 1000 


0-384 382 0-383 
0-448 
0-650 


0-390 


RR 
389 0-370 


Biphthi 0-384 0-376 


that As'!!, Na, K, Li, Mg, Ba, Ca, Ni, Mn!', Zn, Cd, Br-, F~, SO,° 
and H,PO,~ in a 1000:1 proportion do 
Fe Cull, Hs 


not interfere. 
Al, Ox?-, tartrate, citrate, TeO,”~ and biphthalate are admissible 
na 100:1 proportion, whereas Bi!!!, Ga and Cr!!! should be limited to a 10:1 ratio. 
The Sb!!!, Sn! and Ti! to germanium ratio should not exceed 1:1, whereas Mo‘! and 
Zr’'’ should be absent. 
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Composition of the complex 


Stipanits and Hecht® have already demonstrated that the germanium—phenyl- 
fluorone complex, isolated from an aqueous solution, corresponds to the formula 


To determine the composition of the p-dimethylaminophenylfluorone complex in 
alcoholic solution, Job’s continuous variation method’ was used. The results, giving 


the measured extinctions as a function of the [germanium]:[germanium ~- reagent] 


ratios at a wavelength of 513 my are presented in Fig. 3. 


Ge 


From Fig. 3 it is apparent that the extrapolated maximum extinction occurs at 
a [Ge]/[Ge reagent] value of 0-197. This value is in close agreement with a 


germanium: reagent ratio of 1:4. 


Zusammenfassung—p-Dimethylaminophenylfluoron wurde im Hinblick auf seine Verwendung als 
photometrisches Reagens fiir Germanium untersucht. Unter Anwendung eines Stabilisators konnte 


in einer Salzsdiure-Alkohol-Mischung eine tiber wenigstens 20 Stunden stabile Farbung erzielt werden. 


Die Reaktion ist empfindlich und Beers Gesetz wird hinauf bis zu Mengen von 0-24 ug Ge/ml erfiillt. 
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Konzentration des 


Verschiedene Faktoren, die die Bestimmung beeinflussen wurden untersucht 
Studien itiber den 


Reagenses, Sauregehalt, Temperatur und W assergehalt wurden daraufhin studiert 
Einfluss der gew6hnlichen Metalle fiihrten zum Schluss, dass die Methode hohe Selektivitat aufweist. 


Die Zusammensetzung des Komplexes wurde nach der Job-Methode ermittelt und das Verhaltnis 


Ge: Reagens als |] + festgestellt 


Resume 1 p-diméthylaminophénylfluorone a été étudi¢e comme reactit spectrophotometrique du 
solution acide chlorhydrique éthanol une extinction stable est obtenue pendant au 
ans utiliser d’agent stabilisant. La réaction est sensible; la loi de Beer est suivie 
centrations de 0,24 ug Ge/ml 


Différents facteurs pouvant influencer le dosage ont 
tration du réactif, acidité, temperature et teneur en eau. L’interférence possible de 
La com- 


été examinée: il s’ensuit que la méthode proposée est trés sélective 


1 été déterminée par la méthode des variations continues de Job, et le rapport 


juve évgal a 1/4 
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DETERMINATION OF WATER BY NEAR-INFRARED 
SPECTROPHOTOMETRY 


D. A. KEYWORTH 


Wyandotte Chemicals Corp., Research Division, Wyandotte, Michigan 
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Summary—Water may be determined in methanol, isopropanol, dioxan, glycols and polyols using 
near-infrared spectrophotometric methods. Polar solvents have their maximum absorbance for water 
at longer wavelengths than non-polar solvents, and the non-polar solvents have large! extinction 
coefficients than polar solvents 

A screen reference has been substituted for the dry solvent reference in one method for the 
determination of water in methanol and in isopropanol. In this method reproducible settings of the 
screen attenuator and other instrument variables have been accomplished by a chloroform reference 

\ base line technique employing a screen attenuator instead of a dry solvent reference has been 
developed to determine small amounts of water in polyols 

A differential spectrophotometric method employing ethylene glycol of known water content has 
been designed for measuring water in anti-freeze mixtures. This near-infrared method has the 
advantages of being non-destructive and rapid Results compare favourably with values from Karl 


Fischer titrations and gas chromatography 


INTRODUCTION 
THE presence of water bands in the near-infrared region has been the subject of many 
studies.'= Recently, in an excellent review of near-infrared spectroscopy Kaye’ has 
suggested that water should be one of several substances determinable by near- 
infrared spectrophotometry. Despite this suggestion, relatively few analytical methods 
have appeared,’ ° probably largely due to the difficulty of obtaining suitable apparatus 


for the determination. With the present development and availability of reliable 


spectrophotometers for this spectral region, the near-infrared determination of water 
should become more commonplace. 

Although difficulties may be encountered in the use of the near-infrared region 
for water determination, a variety of techniques are available which render the near- 
infrared method for water versatile, accurate and rapid. Several examples of near- 
infrared methods for the determination of water in a variety of samples are included 


to demonstrate the techniques used and the results which may be expected. 


EXPERIMENTAI 


The Perkin Elmer Model 4000 Spectrophotometer was used for these studies. The water absorp- 
tion at 1-9 ~ was used in preference to that at 1-4 4 or other wavelengths because of the greater 
absorbance of water at 1-9 ~. No special thermostatting was employed since the data show that it is 
unnecessary, and previous authors® have already studied temperature effects and found them to be 
minor 

Solvent evaporation was reduced by appropriate precautions, and hygroscopic samples were 
protected wherever the data showed the necessity of such precautions. 


461 
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RESULTS AND DISCUSSION 
Diffe rential Mme thods 
Differential methods employing a reference of known water concentration and 
composition, nearly identical to the sample except for water content, were used. 


[hese methods were shown to be able to detect the water difference between the water 


contained in the sample and the reference with good precision. 





Absorbance 





increasing water in methanol 
3, 06%: 4, 1°50%: 5. 2-45 


< DETERMINATION IN METHANOL—COMPARISON OF NIR AND Kar! 


FISCHER METHODS 


H.O added H.O by NIR H.O by KI Error (NIR) Error (KF) 


0-00 0-03 0-00 
0-10 j 0-00 0-04 
0-30 37 0-00 0-07 
1-00 3 0-00 0-03 
2-09 0-09 0-06 
3-05 0-05 0-08 
3-88 ( 0-12 0-03 


The differential method was studied for a variety of systems. One of the simplest 
was the methanol-water system (Fig. 1). A water content as low as 0-1 and up to 
2-5, may be determined (Table I) using |-cm cells. A dry methanol reference is used. 
No difficulties such as shifts in the way elength of maximum absorbance were observed 
(Fig. 1). Fig. 2 shows that the absorbance at 1-94 u is proportional to concentration 


for this water range. Methanol samples containing more than 2° of water can be 
analysed after mixing with known w eights of dry methanol to reduce the water content 





Determination of water by near-infrared spectrophotometry 463 
of the new sample to the optimum range. In such a fashion, water contents exceeding 
50% were measured without any further difficulties (Table IT). Methanol need not be 
dry to serve as a reference, but the water concentration in the methanol must be 
known. Water content differences which are measured by near-infrared spectro- 
The 


photometry differentially can then be easily corrected to a dry reference basis. 





TABLE II ANALYSIS OF HIGH WATER-CONTENT METHANOL 


Wi H,O Sample wt Wt. after Wi 


dilution, 


Absorbance 


added 


5-0 100 
15-0 ) 100 
30-0 5 100 
60-0 100 


(Absorbance) Dilution wt.) 
Wt H.O found ———__ ——____— 
(0-47)(Sample wt.) 

e 0-47 is the proportionality constant 

Absorbance (0-47) (1 cm) (Wt H.O in methanol) 


concentration of water in a reservoir of methanol can be determined by Karl Fischer 
analysis. Thereafter, water contents can be determined by near-infrared, using this 
reference, much more rapidly than by further Karl Fischer titrations, because of the 
elimination of sample weighings and of the titration itself. Filling a sample cell and 
scanning the 1-94 uw region of the near-infrared requires only a few min. For routine 


samples, therefore, the differential method is very time saving over conventional, 


non-spectrophotometric methods. This differential method has been used to deter- 


mine water in isopropanol, ethanol, dioxan and ethylene glycol. 
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Five different ethylene glycol-type commercial antifreezes were examined for 
their water content using an ethylene glycol of known water content (determined by 
Karl Fischer titration) as the reference. No difficulties were apparent, despite the 
fact that some of these anti-freeze mixtures contained inorganic tetraborates, sodium 
2-mercaptobenzothiazole, arsenites, nitrites and other additives (Fig. 3). Results from 














Ad 


Absorbance of water in antifreezes 


Sample E, 4°51°,; Ethylene glycol refere 


the ASTM method D1123, a proposed revision of Water in Concentrated Engine 
intifreezes by the Iodine Reagent Method, which minimises undesirable interfering 
reactions caused by the antifreeze additives,’ and a chromatographic method, are 


compared with the near-infrared method (Table II1). Results for the chromatographic 


MINATION OF WATER IN ANTIFREEZI 


Water, 


method employing Fluoropak 80 substrate solid (from the Flucrocarbon Co., Ful- 


lerton, Calif.) and the partition liquid, polyethylene glycol 400 (Carbide and Carbon 
Chemicals Corp., New York 17, N.Y.) are shown in Fig. 4. A comparison of the 


results shows good agreement between the three methods, but the near-infrared 
method was by far the most rapid. 





reference ce 
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240 


220 





®@ Calibration points 
S Solvent 
Others — samples 


A,B,C,E 


Water, 


Chromatographic (GLC) method 


Screen attenuation 

The differential spectrophotometric approach requires suitable references of 
known water content, which are often difficult to obtain. If a screen attenuator 
(Fig. 5) is substituted for the reference solvent, many samples will show absorbances 
in the 1-9-~ region which can be related by a base-line technique to water content. 
The screen attenuator is used to adjust the light energy of the reference beam so that 
the pen tracing of the instrument falls within the range of the recorder chart. The 
absorbance of the regions adjacent to the 1-9-«~ peak are recorded. A base line is 
drawn which estimates the absorbance from structures other than water, and thereby 
permits the estimation, by difference from total absorbance, of that absorbance due 
to water. The screen attenuator should be able to reduce the light in a variable 
manner, and, once in place, should attenuate without change until moved to a new 


setting. The measurement of water in polypropylene glycol 2000 in the region of 


0-01 to 0-15°%, illustrated a difficulty using this approach. The base-line absorbance 
(Fig. 6) was proportional to the water content in the desired region as shown by 
standard addition (Table 1V). However, when the samples were dried by vacuum 


TABLE 1V—WaATER IN POLYPROPYLENE GLYCOL 2000 By 
BASE LINE SCREEN ATTENUATION NIR 


% H.O added 


0-00 0-124* 

0-036 0-164 0-040 
0-087 0-215 0-091 
0-100 0-224 0-100 
0-127 0-265 0-141 





* Initial sample water by Karl Fischer was 0-008 
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distillation or with phosphorus pentoxide, a Karl Fischer titration showed complete 
water removal. The near-infrared method showed 0-11°, water remaining. This 


apparent amount of water remaining was constant for several samples of poly- 
propylene glycol 2000 which were carefully dried. This suggested that the difference 
was due to a small constant peak absorbance at 1-9 uw associated with the poly- 
propylene glycol 2000 structure. When the 0-11°% “correction” is subtracted from 
the value obtained by the screen attenuation base-line technique, the near-infrared 


and Karl Fischer methods are in agreement. 


{mn instrument reference 

Attempts to eliminate the need of a reference methanol standard, using a screen 
attenuation base-line approach, failed because methanol has a peak adjacent to the 
1-9-1 peak (Fig. 6) which causes interference. However, when a series of synthetic 


methanol-water mixtures were prepared by the addition of water to dry methanol the 
increase in absorbance at 1-94 «~ was proportional to the water content increase. 

ro use the chloroform instrument reference, the spectrophotometer and the 
screen attenuator in the reference beam were adjusted to give 0%, transmittance for 
no light (closed shutter), and 100°, transmittance at 1-94 for a dry methanol 
solution. When the methanol was replaced by chloroform, the absorbance at 1°69 u 


was measured and found (Fig. 7) to be 1-2 absorbance units (A). To produce equivalent 


settings on another day, without recourse to dry methanol, the chloroform solution 


could be used to adjust the instrument to read 1:2 A. at 1°69 uw. Thereafter, the 
absorbance at 1-94 w in the methanol samples was directly proportional to the water 
content of the methanol. Therefore this determination no longer requires dry solvents, 
or solvents of known water content. The chloroform peak, which is due to main 


structural features of chloroform, is not sensitive to small changes of impurities in the 
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g chiorolorm 
chloroform, and need not be protected from water, as is necessary with a dry methanol 
reference. This technique was used with success to reproduce instrument settings, on 
several different days, by several operators (Table V). 


TABLE \ DETERMINATION OF WATER IN METHANOL USING A CHLOROFORM 


REFERENCI 


H,O by NIR 


H,O by KI 


Position and intensity of absorbance 

Of the solvents studied, the strongly polar solvents have their maximum absorbance 
for water at longer wavelengths than the non-polar solvents (Fig. 8), and the non-polar 
solvents have larger proportionality constants than the polar solvents (Table VI). 
For any new system the wavelength of maximum absorbance should be determined 
by adding a small amount of water to the sample and using the drier sample as a 
reference for a differential scan through the 1-9-u region. The proportionality 
constant between the water content in the sample being studied and the absorbance 
may be determined at the same time if a known weight of water is added to a known 
weight of sample. 
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VI—WAVELENGTH OF MAXIMUM ABSORBANCE AND PROPORTIONALITY 


CONSTANTS FOR WATER IN DIFFERENT SOLVENTS 


glycol 2000 


H,O) 
(Absorbance) 


m)(Moles of water per 1000 ml of solution) 


Water in solids and emulsions 
Water in solids and emulsions, such as liquid soaps, may often be measured by 
dissolving the material in methanol or some other suitable solvent, and measuring 


the increase in absorbance at the 1-9-~ peak. Some success has been achieved with 


leaching water from finely ground insoluble “‘solids,”’ although it should be recognised 


that some samples contain substances which obscure the 1-9 «4 region, and some 


samples fail to give up their water to the solvent. 
CONCLUSION 

The above experimental observations show that near-infrared spectrophotometry 

is able to measure water in a variety of systems. Near-infrared methods possess the 


advantages of being non-destructive, rapid and accurate. 
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Zusammenfassung—Wasser kann durch spectrophotometrische Messung im nahen IR-Bereich 
bestimmt werden in: Methanol, Isopropanol, Dioxan, Glykolen und Polyolen. Polare Lésemittel 
haben das Absorptionsmaximum fur Wasser bei langeren Wellenlangen als nonpolare. In nonpolaren 
Lésemitteln ist der Extinktionskoeffizient grésser als in polaren. Bei der Bestimmung von Wasser in 
Methanol und Isopropanol wurde an Stelle des trockenen Lésemittels eine Blende als “Blindl6sung”’ 
verwendet Eine ““Grundlinien-Technik’” wurde herangezogen unter Verwendung einer Blende 
an Stelle des getrockneten Losemittels, wenn kleine Wassergehalte in Polyolen zu bestimmen waren 
Eine differentielle spectrophotometrische Methode wurde herangezogen um ‘ r in Frostschutz- 
mitteln zu bestimmen. Die neue Methode hat den Vorteil schnell zu sein 

zerst6ren. Resultate sind in guter Ubereinstimmung mit denen nach der Karl-] 
gaschromatographische 
Résume—L ‘eau peut etre dosee dans 


des methodes spectrophotometriques d 


pour l’eau des solvants polaires se trouve a des longueurs d’ondes plu 
non polaires: les solvants non polaires ont des coefficients d’absorpt 
polaires. Une référence constituée par un écran a été substituée a 
dosage de l'eau dans le méthanol et isopropanol. Dans cet 
tre Val 
1chloroforme ne tecnnique de base L till 
ur adosel 
spectrophotomeétr 


ete congue poul 
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THE DETERMINATION OF THIOMALIC ACID* 


BuseEvV® and CHZHAN 
vy. Moscow l S.S.R 


(mercaptosuccinic) 


Summary 
and back-titration 


also be titrated as a 


between quinque-or sexavalent molyb- 
HOOC-CH,CHSH-COOH,! it was 

ple a method for its determination in solution as 
malic acid is acquiring practical importance in medicine. 


proposed for the determination of thioalcohols and 


~Ul 


e addition to a wels 


( shed sample of the substance of an excess of 
nitrile (CH,==CH-CN) in dioxan and determination of the excess 


by the sulphite method. The method gives accurate results (error 


yplicable both to dry preparations and to aqueous solutions of 


nethod of establishing the concentration of thio- 
tions based on its oxidation with an excess of iodine in a 
In order to check the results obtained, the thiomalic acid 

f caustic soda, using a glass electrode (Fig. 1). 

any other compounds, the molecule of which contains a sulphydry] 
ction between thiomalic acid and iodine in an acid or weakly alkaline 
; not proceed stoichiometrically, either in the direct titration with iodine 
he addition of an excess of iodine followed by titration with thiosul- 


nH th 
3) 


no definite and reproducible results were obtained; 


irst case, 


1-$4, 1-89 and 1-73 gram-equivalents of 


three separate titrations. 


by oxidising thiomalic acid with iodine in a 


similar to those used in the oxidation of 


iomalic acid, prepared from an accurately 

1 6N alkali solution and then an excess of 

ili taken is calculated so that its concentration, 
1 the range from 0-3N to 3N The solution is 

c acid is added to produce i definite acid reaction 


nd the excess iodine ts titrated with thiosulphate solution. Under 


acid reacts, on the average, with 5-98 gram-equivalents of iodine 


ro Universiteta, Ser. khimii, 470 1960, No. 4, 52 
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The determination of thiomalic acid 


Variations in the concentration of alkali within the range 0-3N—3N and in the time 
of standing, have practically no effect on the completeness of oxidation of the thio- 
malic acid. 


Experiments show that aqueous solutions of thiomalic acid can be titrated with 


»> 


alkali solutions. The dissociation constant of thiomalic acid is 5:23 10-4 at 25 


TABLE |. MOLAR RATIO BETWEEN THIOMALIC ACID AND IODINI 


IN A STRONGLY ALKALINE MEDIUM 


Final Time of Weight of Consumption | Thiomalic 
concentration standing thiomalic of iodine in acid 
of NaOH, for oxidation, acid, the oxidation, found, 

rir 1 nea 

0 7? 


( 
4 


00-2316 
Q 2845 
0-2100 


0-2230 6:02 


Mean: 5:98 
* In the preparation used, 21-92, 22°19 and 22-08 
Terent’ev and Buzlanova,* the tl ng he determinations were carried out 
by M. M. Buzlanova, to whom the authors express their thanks 


+t On the assumption that 1 mole of thiomalic acid consumes 6 g-equiv of iodine 


The titration curve of 50 ml of 1-6. 10-*M thiomalic acid with caustic soda (0-08680/N), 
using a glass electrode, is shown in Fig. 1. 

A distinct break is observed at pH 5-5—9-5; thiomalic acid titrates as a dibasic acid 
(Table Il). The concentration of thiomalic acid in solutions may probably, therefore, 
be determined by neutralisation in the presence of suitable indicators with a colour 
change at pH 6~9 (neutral red, phenol red, efc.). 





A. I. Busev and CHZHAN FAN’ 


ACID WITH ALKALI USING A GLASS ELECTRODE 


TABLE If. TITRATION OF THIOMALIC 


M xaon 


Consumption ol 
Thiomalic 


NaOH solution 
acid found, 
(O-O8680N ). 


0-1010 0-0014 
0-09778 00-0019 961 
0-1170 0-003? 961 


Mean: 966 


Zusammenfassung thod l nmung von Thiodpfelsdure wurde entwickelt Die 
latio re mit 1 in stark alkalischem Medium 


ubderscnhussigem Jod 


Ansaduern der L6sung durch Thiosulfat. Es ist 


der Glaselektrode 


Résumé de de dosage de l’acide thiomalique; cette méthode 
»s diode en milieu fortemet n, suivie du titrage en 
possible de doser l’acide 


es € 
. 14 t n I] cf 
AaACICINCs Csi 
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SPECTROPHOTOMETRIC DETERMINATION OF THORIUM 
IN LOW-GRADE MINERALS AND ORES 


ANNA-LISA ARNFELT and INGA EDMUNDSSON 
Section for Analytical Chemistry I, Aktiebolaget Atomenergi, Stockholm 


(Rec d 19 December 


Summary—The following method intended for the determinatior 


de 
thorium in samples of minerals and ores. The mineral sample is decomposed | 
I I 


} j ) ' le fter dice ' he rod th ter th mmr ) | { 7 1 | 
with sodium peroxide Iter digestion of the product w 1 water, thorium perox ny ate 1s recoverec 
: nm rT) | 


FALIC ana adissoived i1n Wvaroc! icid noriun l adetern ad spectropnoto 


i 


with naphtharson (the sodium salt of 1-(o-arsonophenylazo)-2-naphthol 3,6-disulphonic 


separation Irom metal 


INTRODUCTION 
[HE sodium salt of naphtharson, 1-(0-arsonophenylazo)-2-naphthol-3,6-disulphonic 


acid, has, during the last ten years, been used as a reagent in the spectrophotometric 


determination of thorium by several authors: Thomason, Perry and Byerly,' Banks 


and Byrd,* Grimaldi and Fletcher,* Clinch,‘ Fletcher, Grimaldi and Jenkins® and 
Everest and Martin.® 

[he low thorium content for which the method described in the present paper is 
intended makes it necessary to separate the thorium from many other elements, in 
order to avoid interferences in the spectrophotometric determination. Grimaldi, 
Jenkins and Fletcher’ have accomplished a separation by precipitating thorium 
selectively as iodate from a solution containing tartaric acid and hydrogen peroxide. 

Kraus, Moore, Nelson and Smith have, during the years 1950-1956, published a 
number of papers dealing with the adsorption, on the strongly basic anion-exchange 
resin, Dowex |, of different metals having the ability to form chloro-complexes. From 
these investigations, it 1s clear that thorium does not form chloro-complexes which can 
be adsorbed.* For this reason, it may be expected that in concentrated hydrochloric 
acid a good separation of thorium from several metals can be obtained by the use of a 
strongly basic anion-exchange resin. 

During the early stages of the work described here, it was found that this is indeed 
the case. Meanwhile, Nietzel, Wessling and De Sesa published a method for the 
determination of thorium, where a separation of thorium based on the same principle 
is used.’ 

REAGENTS AND APPARATUS 

All reagents used were of analytical grade 

Sodium peroxide Mallinckrodt Calorimetric Powder analytical reagent. 

Sodium hydroxide: 1° solution free from carbonate 

Hydrochloric acid: Conc. and 1:3. 

Hydrogen peroxide Fresh solution of Perhydrol (Merck.) 1:10 
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tion obtained by dissolving gaseous ammonia in CO,- 


coolin 


Aqueous solution containing | mg of Al/ml 
SO ml of distilled ‘r. This is freshly prepared for use 


(o-arsonophenylazo)-2-naphthol-3,6-disulphonic acid in | litre of distilled 
gation, naphtharson with the trade name Jhoron (Fine Organics Inc., 
A calibration curve is prepared for each new solution 


ves 


N.J., U.S.A 


mesh, for analytical purposes 
Ss contained in a glass tube | cm diameter and 
ts lower end. On its upper end a wider tube, with 
tached A piece of glass wool is placed in the tapered 
ibe is filled with the ion-exchange resin up to the 
glass wool is placed. The ion-exchange resin, if 
tne chloride form before bein nsferred to the 


50-ml capacity 


ometer Model B with 5-c 


PROCI 


small platinum rod 


electric furnace at 430 10 


ith 150 ml of cold water, heat the solut 


in the platinum crucible, an 

y sodium peroxide for 30 min at 430 
i 

thereafter according to 7 


e tube dd distilled 


h %4 ml f 10t CO,- 


and dilute wit 


excess of freshly prepared ammonia solution 


irm dilute ammonia (1:100). Repeat the centri- 


il of conc. hydrochloric acid. In order to make the dissolution 
in a container with warm water. Do not allow the 


+ 
a 


laced 
decrease below 10M through evaporation losses 
ion-exchange column. Rinse the centrifuge tube three times 
of 10 ml, which are poured on to the ion-exchange column 
he solution has been poured on, wait until the drop-rate is fairly low before adding 
ect the effluents, add 5 ml of aluminium chloride solution and evaporate to | ml 


rile 
il measuring flask, add | ml of ascorbic acid, and 


| ’ . n 
acid in portions 
} 


5-n 
2 )-n 


insfer the solution to a 
to the mark with distilled water and mix well 


| of naphtharson, fill up 


i wavelength of 550 mz against a reagent blank, 


A suitable 


t is necessary to take 


ibsorbance of the solution at 

ns the same amounts of reagents and 5 ml of hydrochloric acid (1:9) 
taken for the photometric determination is 30—150 ug. If i ; 
n order to obtain this amount of thorium, hydrochloric acid must be added, 


contains 0-5 ml of conc. hydrochloric acid in 25 ml 
Naphtharson, Thoron, Thorin, Thoronol and APANS. The 


which reagent as a chemical compound irrespective of its different 


ANS, presumably derived from the rational name, arsono-phenyl-azo-naphtyl-di- 
t not that Chemical Abstracts prefers the rational name, 


n \ 1 ] 1] j 
en variously Calied 


ena refers to the 
AP 
a +t he 1 -ptable. wer 
sulpho t be equally acceptable, were 
nydro.% lazobenzene arsonic acid! 
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INVESTIGATIONS 


Decomposition of thorium containing ores One of the methods recommended for deco 
tion of thorium-containing ores 1s to sinter a mixture of the o ‘roxide at 430 
»is washed and dissolvec 


sinter cake is then digested with water, the solution ts fi 
The thorium is assumed to be quant 


ltered, and 
issolved However, it 1 


in strong hydrochloric acid 
the authors’ experience that this seldom is when the method 1 plied to ores hav 
thorium content, a 1d chiefly consisting 
residue is sintered with sodium peroxide, thus obt 
recovery of thorium exceed 90 

is difficult 


The thorium perox de 
therefore suggested that cet 
with sodium peroxide 

As model experime! 

A] QO. conta 
peroxide 
filter papel 


filter was 


Th 


h 


Nese ¢ 


aecomposl 


resin W 
interfere when thor 
the rare-earth metals 


When phosphate is present 
trophotomet 


might give rise to errors. A series Of spectro] 
(Table | 


of different amounts of Na HPO, were made (Table | 


errors could be suppressed to large degree by the 
absence ol phosphate aluminit uses a pos tive error 
Some further experiments re made under conditions similar 
according to the procedure given above To conc. hyd 
varying amounts of phosphate and aluminium were adde ‘the solutions were evaporated 


The dry residues were d 


ychloric acid, 10 g of thorium and 


is 


1 ml of HCI (1:1). The solutior 


to 1 ml and others to dryness 
obtained in these two ways were treated in the same manner as the effluents (Operation 14-15) The 
results are given in Table IV. As will be seen irom these. considerable losses of thorium occurred in 


the cases where no aluminium salt had been addec cularly when the solution was evaporated to 


1, parti 


dryness 
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10 mg Al added 


TABLE 


Thorium found, “g 


5 mg Al added, 


No Al added, No Al added, 5 mg Al added, 


solution 


solution solution solution 


evaporated to 


evaporated to 
1 ml 


evaporated to evaporated to 

dryness 1 ml dryness 
10-7; 10-5 10-9: 10-8 
10:7; 10-0 10-7; 10-7 
43-1; 43-3 
42:4; 43-3 


10-2 10 
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[he ions of the rare-earth metals are not retained by the anion-exchange resin'® and as they 
interfere with the spectrophotometric determination of thorium the influence of the chief representa- 
tives of the rare earth elements, yttrium, lanthanum and cerium was studied. The errors are positive 
| mg of La or Ce corresponds roughly to 2 “g of Th and 1 mg of Y to 0-4 wg of Th 

Nickel forms no chloro-complexes which can be adsorbed by the anion-exchange resii Tl 
interference of nickel in the spectrophotometric determination of thorium was studied (Table V) 
One mg of nickel gives a positive error corresponding to approximately 0-2 wg Th 


TABLE \ 


nr nitat n i th 
| ecipitation Ol 1e 


thorium with amr ition 12) C ling to unwald’* the precipitation of 


th } >> * 7] " 4 ‘YT , , n ; " ’ ; ; > _— f ¢} sati n ] in] 
horiur aused ammoni t quantitati } u f tl ormation of colloida 


es 1oOrium peroxide 


soluuons 


nydrate 


RESULTS 

To check the accuracy of the procedure, thorium was determined in the presence 
of several elements. Mixtures were prepared containing elements which were expected 
to be encountered in our analyses of low-grade thorium-bearing minerals and ores. 
In a series of experiments, various oxides and salts were milled together, and a 100-mg 
sample of the mixture was decomposed by sodium peroxide. The sinter-cake was 
digested with water. To the alkaline solution a known amount of thorium was added 
in the form of a nitrate solution. The analytical procedure was then followed beginning 
with Operation 4. Table VI contains the results. 

As a further test of the method, thorium was determined in some minerals. Their 
thorium content had been determined after the removal of interfering elements, using 
a more efficient but more time-consuming separation method. The sample was 
decomposed by hydrofluoric and sulphuric acids, and the residue was melted with 
potassium hydroxide. The melt was dissolved in water, and nitric acid was added. 
The two solutions thus obtained were combined and made alkaline with carbonate-free 
ammonia. The precipitate formed was dissolved in nitric acid. A chromatographic 
separation of thorium (and uranium) on alumina and cellulose was made according to 
Williams,'® using ether containing 12°5°%, nitric acid as solvent. The effluent was 
evaporated to dryness, and the residue was treated with a mixture of sulphuric, nitric 
and perchloric acids, with heating, until the acids were driven off. The residue was 
dissolved in conc. hydrochloric acid. In order to separate thorium from uranium, and 
from small amounts of zirconium, the solution was poured on to a column 
of the anion-exchange resin Dowex I—X 10. From this point the present 


procedure was followed. The results of the two procedures agree satisfactorily 


(Table VII). 
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TABLE VI 


Thorium 


added found 


0-015 0-015 
0-041 0-041 
0-083 0-084 
0-41 0-42 
0-42 0-42 

0-81 

0-84 


7A 


0-016 
0-045 
0-084 


ZnQ, 1-5 CO,, 
Na.HPO,:2H.O, 2 


riO 


Na.HPO,:2H.0O, 


Thorium found 


Cellulose chromatography, 


0:0026 0026 
0-0052 0061 
0:0036 0026 
00-0034 0026 


)-0026 
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Zusammenfassung—Eine Methode zur Bestimmung von Mikrogrammengen Thorium in Mineralen 
ind Erzen wird beschrieben. Die Mineralprobe wird durch wiederholtes Sintern mit Natt iumperoxyd 
zersetzt. Nach Digestion mit Wasser wird das hydratisierte Thoriumperoxyd durch Zentrifugieren 
abgetrennt und in Salzsaure gel6st. Thorium wird dann spektrophotometrisch mit dem Natriumsalz 
der 1-(o-arsenophenylazo)-2-naphthol-3,6-disulfonsaure (Naphtharson) bestimmt, nachdem es von 


Metallen, die Chlorokomplexe bilden, in einer stark basischen Anionenaus-tauschersaule separiert 


geworden ist. Verschiedene StGrungen wurden studiert. Die zur Durchfiihrung einer Analyse 


benOdtigte Zeit ist etwa vier Stunden, wenn 12 Proben gleichzeitig behandelt werden 


Résumé—Les auteurs proposent une 1 } > de dosage de microgrammes de thorium dans des 
échantillons de minerals. L’échantill est decompose par frittage avec du peroxyde de sodiun 


Aprés digestion par de l'eau, le peroxyde de thorium hydraté est récupéré par centrifugation et 


dissous dans de l’acide chlorhydrique. Le thorium est dosé par spectrophotométrie par le sel de 
sodium de l’acide 1-(0-arsénophénylazo)-2-naphtol-3,6-disulfonique (naphtarson), apres avoir été 
sépare des métaux qui forment des complexes chlorés; ces complexes sont adsorbés sur une résine 
echangeuse d’anions fortement basique Les interférences de différents ions ont été étudiées Le 
temps nécessaire pour l’analyse d’un échantillon est d’environ 4 heures, quand 12 échantillons sont 
analysés simultanément 
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APPLICATIONS DE LA CHELATOMETRIE—IX. 


SEMI-MICRODOSAGE DE L’IODE DANS LES SUBSTANCES ORGANIQUES 
EN PRESENCE DES AUTRES HALOGENES 


LAUDE HENNART 
S. & O., Frat 


Resume nitt ou dans une fiole 


peut etre pre- 


Ic 


INTRODUCTION 
les plus courants pour doser liode en présence 
ninéralisation convenable dans le cas des 

en iode ou iodates de fagon a permettre 


1 


{ 1—13,.15.19,30—33 —en 
cide arsenieux Ou, encore, 


utilisé une methode chelatometrique afin de trans- 


nétrique de Bekk=- pour le dosage des iodure et 


Sune | 


‘ precipitation des halogénures d’argent, 
> potassium qui transforme Tiodure en iodate 
ce dernier est chassé par un courant d’air et 

gent par reduction; apres filtration et lavage 
| est dosé par l’acide ethyléne-diaminotetracétique en présence 
] 


de potassium et de 


L LL 


) 


éthode chélatométrique que nous avons mis en oeuvre mais 

on a ne nécessiter qu'une seule précipitation, celle-ci étant 

Winkler,”’** Scott,” Strebinger avec Pollak,*° Bugbee*’ et 

* ont successivement étudié la précipitation du palladium par lion 

ment et Kondo” en a déduit un procédé gravimetrique de l’iode dans 

es: aprés minéralisation par le péroxyde de sodium dans une 

bombe, I’a1 odure présent est précipite a l’état d’iodure palladeux qu’on filtre 
iprés un repos de 24 heures, seche a poids constant et pese. 


Nous not nmes basés sur le méme principe pour établir un procédé volume- 


minéralisation suivant la technique de Wurzschmitt™: dans une 

microbombe de 2 ml en platine’’ ou suivant la technique de Schoniger'®:"’ dans une 

fiole d’oxygéne, avec la modification de Corner**? que nous avions déja mise a 

profit pour la détermination des halogénes,"* liode, réduit ensuite a l’état d’iodure, 

est précipité au moyen d’une solution de sel palladeux en excés et de titre connu; aprés 
| 


filtration, l'excés est évalué chélatométriquement. 


Le dosage du palladium par l’acide éthyléne-diaminotétracétique a été décrit par 
plusieurs auteurs: McNevin et Kriege*® utilisent une méthode modifi¢e de Harris et 
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Sweet* en présence de noir ériochrome T et d’un exces d’acide éthyléne-diaminoteétra- 
cétique qui est titre 4 retour par un sel de zinc; Kinnunen et Merikanto remplacent le 
sel de zinc par un sel de manganése* avec le méme indicateur, par un sel de thorium ou 
de thallium en présence d’orangé de xylénol* ou par un sel de bismuth en présence de 
violet de pyrocatéchine;** ces mémes auteurs** confirment un procédé de Flaschka” 
basé sur le déplacement du nickel de son complexe cyané, le tétracyanonickelate de 
potassium, suivi d'une évaluation de ce métal en presence de murexide; c’est cette 


derniére fagon d’opérer que nous avons retenue pour la partie chélatométrique de la 


presente technique. 


PARTIE EXPERIMENTALI 


ue pur exe 


1x, 0,02M = ot 


he ine len 
esoin est, le pH at 
I 
ues minutes et 
juSqu au 
5 ml 


yn preleve 


ue, \ 


1€e, 20 vol 


Chlorhydrate d’hydrazine 


Acide chlorhydrique pur exempt 


Chior alladeux, 0,005M?7 ou 


Oxygene 


Mode opératoire: On découpe une bande de 30 mm st 24 dans un ruban cellulosique adhesit 


| 


I 


} 1 
Sans cenadres on place cette bande a plat, cote adhesil au dessus, e e au centre une plus petite 


} 


at 


j ] j : . ’ _ » tea ; . bons _oe a . . basse 
Yande de papier hitre sans cendres de 25 mm sur 6; on enroule le ut sur lui-méme de facon a obtenir 


yn ace qu ine 1/5,000 atome-gr. d’iode sans toutefois dépasser un poids 


| ; ry lo y ; > r le r " 
substance de 40 mg Nous avon lise Ges petites Capsules Ge gelatin Ir leS pesees. 


molaritée exacte de cette solutior st elle-méme déterminée par chelatometrie on préléve 10 m 


lans une fiole d’Erlenmever et ajoute 10 ml de tétracyanonickelate de potassium 0,025 M (voir 


ar addition d’acide chlorhydrique, attend 


) 


‘ 
a preparation de ce réactif); on acidifie le ‘ment f 
juelques minutes pour que la substitution du palladium au nickel soit compléte puis ajoute 10 ml d’ammoni 


ique et quelques décigrammes de murexide 1 °4; on titre avec le chelate 0,004 M (voir plus loin) au moyen 


ine burette de 50 ml jusqu’au virage au violet. La molarité est donnée par la formule 


\ nombre de ml de chélate utilise, 


N‘ molarité (ou nombre de mol/g par litre) de ce réactif 
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elques millimétres de diamétre sur une hauteur de 24 mm, la bande de papier filtre 
té intérieur de lenroulement. Les deux extrémités étant constituées uniquement par 
adhésive peuvent se fermer facilement par simple pression et pliage; on ferme 
trémité, pése le micro-récipient ainsi formé et ajoute la substance a peser a 
sont immédiatement pompés par le papier filtre). On ferme la deuxiéme 
ul pour le reduire a une petite masse vaguement cubique de quelques millimétres 
ne pesée donne par difference le poids p, de substance prisonniére.* On place la 
fiole de Schéniger de 500 ml avec une petite bande de papier filtre 
ml de soude N, ajoute 10 ml d’eau distillée puis 
20 vol.; on opére alors selon la technique de Sch6niger’ 
renversee doucement apres mise a feu. Apres combustion, 
bouchon en le ringant de méme que son panier avec un 
liquide dans une fiole jaugee de 100 ml en Pyrex en 
mbustion: < e a ébullition jusqu’a cessation du dégagement 
ajoute avec précautions | ml d’acide chlorhydrique is | ml de chlor- 
ijuste, si besoin est, le pH au dessous de | par une nouvelle addition 
) attend quelques minutes et ajoute 10 ml de chlorure (ou nitrate) 
frais jusqu’au lendemain puis complete a 100 ml 


> le tout et filtre; on préléve 50 ml du filtrat sur lesquels on effectue 


indiqué ci-apres (III) 


um, 0-025M, on dissout 6,25 g d’acétate de nickel (CH,COO),.Ni, 


tillée puis ajoute 100 ml d’ammoniaque et 10 mg de murexide; a cette 

‘a virage précis au violet, une solution contenant 6,2 g de cyanure de potas- 

iu distillee (on procéde d’abord par approximation sur les 9/10e de la solution 
la burette aprés avoir ajouté le dernier dixiéme de cette solution) on complete 


lict 


1d ea ais 
ip 
lisodique dans un litre d’eau fraichement bouillie et distillée; on détermine la 
a partir d'un poids connu de magnésium ou de zinc métalliques chimique- 

I I e 


ns pele ainsi une solution preparee par dissolution de 1,5 g d’éthy- 


nt le noir ériochrome T comme indicateur ou a partir d’une solution titrée de 
resence du réactif ci-dessus et de murexide 


1 pese 0,1 g de murexide, ajoute 10 g de chlorure d’ammonium bien sec et broye 


la prise d’essai, légerement tiédie, provenant de lune des minéralisations 


A 
on ajoute 10 ml de tetracyanonickelate de potassium 0,025M; on acidifie 
attend quelques minutes puis ajoute 10 ml d’ammoniaque et quelques 


on coule le chélate 0,004M au moyen d’une burette de 10 ml jusqu’au 


de, ou nombre de milliatome-g d’iode contenu dans 100 g de substance, est donné 


\ 100 


H, 


(8 N V’) dans la technique de Wurzschmitt, 
p) (4 N‘ V’) dans la technique de Schoniger, 
nombre de ml de chelate utilisé, 
molarité de ce réactif, 
molarité de la solution de chlorure (ou nitrate) palladeux, 
p, OU Pz Suivant le cas (exprime en grammes) 
iode est donnée par la formule: 
T; H, 0,1269 


1 


| contienne 1/20,000 atome-gr. d’iode sans toutefois dépasser un poids 
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RESULTATS OBTENUS 
Nous avons expérimenté la technique décrite ci-dessus sut quelques produits 
organiques iodés en utilisant dans chaque cas l'une et l’autre des deux modes de 


minéralisation décrits; les résultats obtenus ont été réunis dans le tableau cl-apreés. 


TABLEAU I 


Deviation, 


B 


Summary fter decomposition in a microbomb 
accordin to schon rer-( orner, iodine bound no 


1] ' pres al 
ard palladium sait solut , the excess Of Wi 


Zusammenfassung—Nach Zersetzung in eine Mikrobombe 
fy h 


laSci 


Oxygene 


chen nachfolger Schoniger-Corner, kann 


> ] / ' a | , y ' > n 
Palladium-salzlosung fallen, deren | 
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Summary—The fluorometric determin 
milligram quantities of interfering elemen ularly iron, vanadium at 
The method involves extraction of zirce th thenoyltrifluoroacetone 


fluorescence with quercetin \ tud\ i experiment il vari ibles s included 


4 


method is i 
INTRODUCTION 
SPECTROPHOTOMETRIC determination of small quantities of zirconium is_ usually 
accomplished by reaction with alizarin sulphonic acid* or quercetin.? As Geiger and 
Sandell have pointed out,’ the former method suffers from a lack of selectivity and the 
latter from a lack of sensitivity. 
Fluorometric methods for zirconium have been developed using flavanol' and 


morin® as reagents. Both methods show good sensitivity for the detection of submicro- 


OTe quantities of zirconium. oth methods also consider interferences due to 
7ram quantiti f zirconium. Both method | isid itert 1 1 t 


fluorescent complexes formed by the reagent and foreign ions. The former method 
does not, however, consider interferences due to the formation of coloured, but non- 
fluorescent, complexes between the reagent and foreign ions. The latter method does 
consider such interferences to some extent, but would not be generally applicable to 
the determination of microgram quantities of zirconium in the presence of milligram 
quantities of elements like titanium and vanadium. 

[he present method uses quercetin as the fluorometric reagent, together with 
extraction of the zirconium by 2-thenoyltrifluoroacetone dissolved in xylene, the 
extraction being modified from the procedure of Moore.’ Such an extraction pro- 


cedure eliminates interferences due to iron, vanadium and titanium. 


EXPERIMENTAI 


» j j a ; 
Reagents and solutions 


Zirconyl chloride A stock solution was prepared by dissolving ZrOCI-8H.O in water containing a 
small amount of hydrochloric acid. The solution contained 461-0 “g/ml of zirconium. This solution 
was successively diluted with absolute ethanol to give a working solution containing 4-61 “g/ml of 
zirconium 

Quercetin: The quercetin was recrystallised twice from absolute ethanol. A stock solution was 
prepared by dissolving 35 mg of the purified reagent in 100 ml of absolute ethanol. The resulting 
solution was stable for several months 

2-Thenoyltrifluoroacetone (TTA): The TTA was obtained from Midcontinent Chemicals Corpora- 
tion (341 E. Ohio Street, Chicago 11, Illinois) and was used without further purification An ex- 


tracting solution was prepared by dissolving 9 g of TTA in 100 ml of reagent-grade xylene 


* Work performed at Polychemicals Department, E. I. du Pont de Nemours and Co., Experi 
Station, Wilmington, Delaware, U.S.A. 
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irements were performed on an Aminco-Bowman Spectrophotofluorometer, 
tomultiplier tube. Readings were taken either on the 0-1 or 0-03 scales as 
shown later. The exciting wavelength used was 440 mz and the 


ilyse for zirconium in the presence of metallic impurities. A blank 

» compensate for the fluorescence of the reagent, and this value 

The fluoresence of the blank determined the lower limit of sen- 

of the lack of reproducibility of the instrument on a day-to-day basis, 
as always run with a group of samples and the readings obtained 
This solution was extracted with 10-0 ml of TTA 

isly for 10 min. The layers were separated and the TTA layer was 
he diluted TTA layer was then extracted with 5-00 ml of 12N HCI by 
The HCI layer was transferred to a 25-ml volumetric flask, 1-00 ml 

{ the whole was diluted to volume with absolute ethanol. The 


20 min before measurement 


RESULTS 


Fig. | sho ie fluorescence and excitation spectra for the zirconium-quercetin 


ymplex under the conditions used in the present investigation. The spectra are 


presented as recorded, without correction for variations 1n source intensity and photo- 


iultiplier response as a function of wavelength. The nature of the zirconium-quercetin 





| 
| 





l Fluorescence and excitation spectra of zirconium-quercetin complex 
20 wg of Zr, 0.35 mg quercetin in 25.00 ml of 2.4M HCl in ethanol 


fluorescence spectrum 
excitation spectrum 


complex giving rise to fluorescence is not clearly established. Grimaldi and White® 
have reported that two complexes are formed in which the zirconium to quercetin 
ratios are 1:1 and 1:2. In the present investigation, a plot of fluorescence vs. mole 


fraction yielded a zirconium to quercetin ratio of 3:1. Under similar conditions, 
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La Para® found two breaks in a spectrophotometric continuous variations plot, at 
ratios of 3:1 and 1:1. The differences in environmental conditions among these 
studies may account for the differences observed, but the zirconium-quercetin system 
certainly merits further investigation. 

Fig. 2 shows the calibration curve established for the fluorescence of the zirconium- 


quercetin system. It should be noted that the curve deviates from linearity at higher 


@ 
© 
E 
© 





. determinatio 


2.4M HCI in ethar 


lier photometer 


zirconium concentrations, but this effect was not considered serious. Reproducibility 
of the method for the analysis of zirconium solutions was about 4%, relative, as shown 
in Table I. The results recorded in this table were taken over a period of several days, 
so that the variation includes that between days as well as between solutions. The 
lower limit of detection of zirconium was about 0-05 wg in 25 ml. The upper practical 
limit of the method (because of absorption of exciting radiation in the first small incre- 
ment of solution arising from the intense colour of the complex) was about 75 ug in 
25 ml. 

It was necessary to remove interferences of other metal ions in the present method, 
particularly of vanadium and titanium. Although these metals do not form fluorescent 
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ylexes with quercetin, they do form highly coloured complexes, in the present 
ich absorb over the same wavelength region as the zirconium-quercetin 

When vanadium and titanium are present in milligram quantities, they 

st of the exciting radiation in the first few mm of solution, completely 
rconium-quercetin fluorescence. Because of this, the zirconium was 
ITA and then re-extracted into 12N HCI. The extraction procedure 
lantitative for zirconium, but the distribution coefficient was found to 


ZIRCONIUM ANALYSES WITH QUERCETIN 


IONS ON ZIRCONIUM DETERMINAT 


No interferences 


pendent of zirconium concentration at these low zirconium levels. This allowed 


reproducible results to be obtained, although it reduced sensitivity. Measurements 
showed that about 90% of the original zirconium was recovered by this procedure. 
lable Il shows some typical analyses obtained by this method in the presence of a 
variety of metal ions. Combining the results of Moore’ and of the present study, 
traces of zirconium can be determined successfully in the presence of the following 


ions: Al!l, Mg!!, TilV, VY, Fell, Sn, Nil, Coll, Cr@l, UO,*+, Th'’, Fel, Bit! 


and Nb‘ Although 2 mg of titanium cause no interference, some interference is 


encountered at higher levels. Such interference may be eliminated by adding 10 ml of 


3° hydrogen peroxide to the initial extraction. 
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STUDY OF VARIABLES 


Effect of ali ohol concentration 

It was observed that adding water to the zirconium-quercetin complex decreased 
the fluorescence. Fig. 3 illustrates this effect. Although the ethanol concentration is 
critical, reproducibility studies indicated that by carefully pipetting the 12N HCI used, 


a precision better than that of the overall method can be obtained 


rconium- 


n 25.00 ml 


Effect of acid concentration 

Solutions containing 20 wg of zirconium were treated with | ml of the quercetin 
solution and varying amounts of 6N hydrochloric acid in ethanol. Fig. 4 illustrates 
that acid concentration is quite critical, the fluorescence of the complex reaching its 
maximum in the vicinity of 25M HCl. Fortunately, the fluorescence does not fall 
rapidly on either side of the maximum and by adding the acid with a volumetric pipette 


one can obtain very reproducible results. 


Effect of quercetin concentration 
Solutions containing 20 ug of zirconium and 5 ml of 12N HCI were treated with 
varying amounts of quercetin. Fig. 5 illustrates that the optimum quercetin value fell 


at 0-35 mg/25 ml, which was equivalent to 1-00 ml of the quercetin stock solution. 


Here, also, the curve exhibits a broad maximum, indicating that small variations in the 


quercetin concentration will not adversely affect the analysis. 


Effect of other variables 

The other variables studied were the order of mixing and the time of standing after 
mixing. The order of mixing had no effect on the intensity of the fluorescence developed, 
but did affect the time required for the fluorescence to attain its maximum value. 
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escence Of zirconium-quercetil 


25.00 ml of ethano 


rescence 


f2.4M HCI in 
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For example, when the order of mixing was: 


sample, quercetin, alcohol, acid 


a period of 35 min was required to attain the maximum fluorescence. However, when 
the order of mixing was 


sample, acid, quercetin, alcohol 


a maximum fluorescence intensity was obtained in 12 min. The final values obtained 


with the two orders of mixing were not significantly different. 


Acknowledge nt ve author wishes to express his thanks to Dr. Rolf Dessauer for his 
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Zusammenfassung—Die fluorometrische Bestimmung von Mikrogrammengen Zirkonium in Gegen- 
wart von Milligrammengen st6render Ionen (besonders Eisen, Vanadin und Titan) wird beschrieben 
Die Methode beruht auf der Extraktion von Zirkonium mit 2-Theonyltrifluoroaceton und Erzeugung 
der Fluoreszenz mit Quercetin. Ein Studie der experimentellen Variablen wird mitgeteilt. Die 


Reproduzierbarke t der Methode ist 4 


Résumé—L’auteur décrit le dosage fluorimétrique de quantités de l’ordre du microgramme de zit 
conium en présence de quantités de ordre du milligramme d’éléments génants (en particulier fer, 


vanadium et titane). La méthode comporte |’extraction du zirconium par la 2-thénoyltrifluoroacétone 
et le développement de la fluorescence par la quercétine 


Une étude des variables expérimentales a été faite. La précision de la méthode est de +4 pour cent 
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THE CONSECUTIVE RADIOMETRIC TITRATION OF 
SEVERAL ELEMENTS WITH THE SODIUM SALT 
OF 1-DITHIOCARBOXY-3-METHYL-5-PHENYL- 
PYRAZOLINE CONTAINING SULPHUR-35* 


A. I. Busev and V. M. Byr’Ko7 
V. Lomonosov, Moscow, U.S.S.R 
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Summary— The ssibility ha n demonstrated of the consecutive radiometric titrati 
Tl Zn"! and Cd!''!—Zn 


ve been obtained 


ants containing radioactive isotopes deserve a more widespread 
receive at the present time. We have used with success for 


f |-dithiocarboxy-3-methyl-5-phenylpyrazole, 


CSSNa 


es of dithiocarbamic acid studied earlier, the sodium salt of 1-dithio- 
5-phenylpyrazole is capable of forming sparingly water-soluble 

i series of elements of the hydrogen sulphide and ammonium sulphidé 
difference in the behaviour of the metal compounds formed is explained 

lar solubilities and by the dissimilar stabilities of the tartrates o1 

nplexes of the metals at various pH values of the solution. By making use of 
f affairs it is possible to determine consecutively a series of elements simul- 


‘nt by radiometric titration according to the precipitation method, 


unique titration curves being obtained. In this paper some examples are presented 


ot th 


e consecutive titration of two ions, of which one is completely precipitated 


utions at pH ~ 14 and the other is precipitated only at lower pH 


EXPERIMENTAI 


|-dithiocarboxy-3-methyl-5-phenylpyrazole was synthesised by the method 
from the corresponding pyrazole and carbon disulphide containing sulphur- 
tivity of 13 mc/ml. The preparation obtained had a high specific activity which 
of about 1000 counts/min in the sample taken in the titration Freshly prepared 


iys used. Before dissolution, the reagent was dried in a desiccator over phosphorus 


h, Khin Khimicheskaya Technologiva, 1960, 3, No 1, 52 
akova took part in this work 


199 
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pentoxide. The normality of the solution was 0:01295N calculated from the weight of reagent taken 
and 0-01290N according to a thallium!!! salt determination. The activity was measured with a type B 
instrument with a SBT-8 end-window tube. Before measuring the activity with respect to the 


radiation of zinc-65, an aluminium filter with a thickness of ~2 mm was placed in front of the window 


The equivalence point was found graphically. The solutions of thallium-204 and of stable thallium 


were prepared by dissolving the metals in aqua regia; then thallium''' hydroxide was precipitated, 
washed several times with water and dissolved in HNO The other solutions were prepared by 
dissolving the appropriate metals in nitric 


| 


roduced a predet 
solutions of thallium 1d indium af nl of a | lution of NH,Cl 


sodium tartrate solution, and Na ntil the indicator tropeolin-00 chang 


gent SOlLULION Was a 


separate portions; after separation th ipitate by centrifuging, 0-01 ml of the lution was 


taken with a micropipette, deposited on filter paper and dried under an infrared lamp, and its activity 


vas measured. In spite of the soft /-radiation of sulphur-35 (/ 0-1691 MeV), there was no need to 


ntroduce a correction for self-absorption. Since the sample taken was not the amount of 


1e ion being determined diminished somewhat during the titration, it * the volume 


t} 


solution titrated was relatively large (10-20 ml) and a minimum amount of sol n was taken 
titration, the relative error does not exceed | which, in comparison with the error of the radiometric 


titration of 5 a ttle influence on the final results. Until the end-point of the titration is 


reached, the activity of the solution above the precipitate will be determined by the solubility of the 
thallium compound formed. After all the thallium has been precipitated, the activity of the solution 
increases with the addition of the reagent (Fig. 1, : The completion of the reaction is also 
clearly observed visually from the cessation of the formation of the yellow precipitate of the thallium 
compound. On subsequent acidification of the solution to pH ~ 7 by the addition of acetic acid, with 
continuous agitation, the white indium compound begins to precipitate. On further addition of the 
reagent, the precipitation of the indium compound proceeds and the activity of the solution will be 
determined by the solubilities of the thallium and indium compounds. After all the thallium has been 
precipitated, the activity of the solution rises again (Fig. 1, curve 2). The results of the titration are 


given in Table I. 


Under favourable conditions itis possible, in principle, to titrate the ions of three metals successively 
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pe are obtained in the titration with a labelled reagent of two ions of which 
> higher pH itself contains a radioactive isotope. As an example we shall 

hallium!!! and zinc The titration procedure was the same as in the pre- 
f thallium was added an amount of the radioactive isotope 

of the sample taken in the titration was 1000 1200 cpm On addition 


the solution above the precipitate will fall in consequence of the formation 


LIUM AND INDIUM" WITH THE SODIUM SALT Ol! 


5-PHENYLPYRAZOLINE CONTAINING SULPHUR-35 


In added, In found, 








»f reagent 


Curves for the consecutive radiometric titration of a 0-01N solution of 74TH! and a 
olution ne with a 0-05N solution of 1-dithiocarboxy-3-methyl-5-phenylpyrazoline 
Wun 


m salt containing sulphur-35: 1, titration of thallium; 2, titration of zinc 


) 
oC 


of the sparingly soluble thallium compound; after reaching the equivalence point, the activity of the 


solution will rise because of the activity of the reagent (Fig. 2, curve /). After lowering of the pH, 


the excess of reagent added will react with the zinc ion, and the activity will be determined by the 
solubility of the two precipitates containing the isotopes ?“TI and *S. 

After the equivalence point is reached, the activity rises and will be determined by the activity of 
) 


the reagent (Fig. 2, curve 2 


Titration of cadmium" and zinc' 


When the cation precipitating second itself contains a radioactive isotope a somewhat different 
form of curve is obtained on titrating a mixture of cations with a labelled reagent. This situation 





Consecutive radiometric titration of several elements 
exists, for example, in the titration of solutions of cadmium and zinc containing the isotope Zn with a 
solution of a labelled reagent. As can be seen from curve /, Fig. 3, as the cadmium precipitates the 
ictivity in the solution remains constant and depends on the radiation of the Zn. After precipitation 
of all the cadmium and acidification of the solution to 7 lis excess of reagent introduced 


reacts with the zinc and the activity of the solution abo { i i imin \ decrease 1! 


TABLE IL. TITRATION OF THALLIUM-204 


| -DITHIOCARBOXY-3-METHYL-5-PHENYLPYRAZOLINE CONT AINING SULPHUR- 


rl found Error ad ZI 


me 


0-O05N solut 


razon 
TABLE III. TITRATION OF CADMIUM AND Z FE SODII 
DITHIOCARBOXY-3-METHYL-5-PHENYLPYRAZOLINE CONTAINING Sl 


Zn taken Zn 


TABLE 1V. DETERMINATION O 


Foun 
tal ZnS (ds 


he phosphors, 
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| be observed as long as all the zinc has not been precipitated. On 

‘ » activity of the solution above the precipitate rises (measure- 

f the sulphur-35). Thus, curve 2 in Fig 3 gives the total amount of cadmium 
t | ra titration by the method of non-isotopic indicators 
ints of zinc and cadmium are given in Table III 

n iS and CdS have been determined in accordance 


en von Elementen radiometrisch hintereinander 


e Thallium-Indium(II}D, Thalltum(1D-ZinkUD 
metrischen Titrations-kurven werden gezeigt 


Résumé ble de doser simultanément par radiometrie des com 
lium(IIL), thallium(I11)-zinc(1) et cadmium(I1)-zine(I1) 


letriques sont presentees. 


D 


VDVSh, Kh 
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APPLICATIONS OF INFRARED SPECTROSCOPY—V* 
THE RETENTION OF WATER AND ORGANIC SOLVENTS BY 
CARBOHYDRATE MATERIALS 


D. M. W. ANDERSON® and N. J. KING 


Department of Chemistry, The University, Edinburgh 9, Scotlai 
(Received 6 February 1961. {ccepted 2 March 1961) 


Summary—Studies have been made of the extent to which some carbohydrate materials retain water 
and organic solvents. The water evolved was determined gravimetrically, the solvents by an infrared 
method. “Drying to constant weight” in an oven at 103°, or in vacuo at 80°, does not give true 
“moisture” contents. Both water and organic solvents are retained up to temperatures at which the 
carbohydrate materials begin to decompose: the polarity and boiling point of the solvent do not 
determine the extent to which it is retained. Freeze-dried samples can retain organic solvents, and have 
significant moisture contents rhe possibility of inaccurate results and misleading artefacts arising 


from such retentions or from interaction with solvents is stressed 


ORGANIC solvents are generally employed at some stage in the extraction or purifica- 
tion of carbohydrate materials. Thus, water-soluble polysaccharides are isolated, and 
plant gums purified, by precipitation from aqueous solution; Soxhlet extraction or 
refluxing with solvents removes plant pigments and soluble sugars, and inactivates 
enzymes; starches are “defatted” with 80% methanol or methanol-benzene, and are 


subsequently fractionated by the use of butan-l-ol or other polar organic solvents. 


The purified material is often “‘dried”’ by successive immersion in acetone, ethanol and 


ether, with final oven drying at temperatures slightly above the boiling points of the 
solvents used. Since such treatment may irreversibly decrease the solubility of some 


materials, e.g. starches, these are often stored under methanol or toluene until required. 


lhe retention of moisture and organic solvents by pectins,' cellulose,? starches,** 
gum arabic” and biological polymers® has been reported: a mathematical treatment of 
moisture desorption isotherms has been given.’ For cereals, “free water” (i.e. water 
lost at a stated drying temperature) has been distinguished* from “bound water’, w hich 
is difficult to remove and is considered to be associated with the protein content. The 
effect of bound water has been considered in ultrasonic studies of hydration effects in 
sugars.” 

In this paper we report quantitative observations on some polysaccharide materials 
in the belief that the extent to which retention of moisture and solvents can occur Is not 
widely appreciated. The experiments were based on the use of a micro-scale, vapour- 
phase, quantitative infrared technique, developed recently’ for the examination of 
fractions separated by GLC and used" for a study of the Zeisel alkoxyl reaction. 


EXPERIMENTAI 
Drying methods 
Method I: Oven drying; temperatures and periods as stated 
Method II: Drying over phosphorus pentoxide in a conventional pistol-dryer, heated by refluxing 
organic solvent and evacuated by a water-pump. 
* Part I1V: D. M. W. Anderson and J. L. Duncan, Ta/anta, 1961, 8, 241 
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Vacuum drying (usually at 80°) in a small electrically heated, thermostatted, glass 
attached to a suitable high vacuum line ( 0-02 mm mercury pressure) 

The sample was weighed in a small 3-necked 
The central neck of the flask 
One of the two outer 


Heating in a stream of dry nitrogen 


vas then placed in a temperature-controlled oil-bath. 


thermometer pocket which was in contact with the sample 
inlet for CO,-free nitrogen, dried by passage through Anhydrone; the third neck 


) which was connected a tared Anhydrone absorption tube. This served in turn 
The outlet of the trap was fitted with an 


? . y > » hel ] T 
rap immersed in liquid nitrogen 


nitrogen flow-rate was 15 ml per min 


4 


for determir 
(1070 cm 
(1140 cm 
Acetone (1740 cm 


Methano 1040 cm 


rption tube was weighed at intervals. Anhydrone (B.D.H., M.A.R.) does 


ents involved in these experiments 


released 


ntitatively retained in the cold-trap, and were subsequently determined by a 
ur-phase infrared technique. This has been described," together with details of 
method of quantitative transfer from trap to gas-cell, and methods of constructing 
The absorption peaks given by acetone at 

and ether at 1140 cm~' were used for 


(It is, of course, fortuitous that the 


calibratio1 for each solvent involved (cf. ref. 11) 


1740 cm-?, ethanol at 1070 cm~', methanol at 1040 cm 


the calibration curves obtained are shown in Fig. 1. 


calibration 

sensitivity of detection of acetone, methanol and ether were all identical, as shown by their sharing 
No overlap or interaction occurred for the absorption peaks chosen, 
The results from some typical experi- 


a common calibration curve) 


could be determined simultaneously 
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RESULTS 
1. A sample of the gum from Combretum leonense** was precipitated with acidified 
acetone (0-1 N with respect to HCI) and dried with 5 changes of acetone (each incontact 
for 2 days, the powder being progressively ground as it dried). The powder was stored 
in a desiccator (continuously evacuated) for 2 weeks at room temperature, and was then 
dried for 1 hr at 60° by method II. A weighed sample (554 mg) was then treated by 
method IV at various temperatures for lengths of time as shown in Table I. The total 


water and acetone from a sample of ¢ 
Curve OA—water! 
Curve OB—acetone 


amounts of water and acetone evolved were found gravimetrically and spectrometrically 


respectively. Several measurements were made within each of the periods quoted in 
Table I; the results are shown graphically in Fig. 2. After heating for 525 hr, weight 


of gum recovered 469 mg, i.e., loss in weight 85mg. The weights of water 


TABLE | 


Total weight released 


, from 554-mg sample 
Period of heating, Temp., © ; 
( 


water, acetone, 


l 

20-2 
264 : ‘ 
288 8-§ 
406-45 46:3 
454-52: 60-0 





acetone found total only 74-3 mg. Very slight decomposition of the gum began at 
123° and was significant at 137°; in the period 430-525 hr (Fig. 2) 6 mg of CO, were 
evolved. This evolution of CO, would be accompanied by water produced in the 
decomposition, and this explains the sharp rise in the amount of total water released 


between 430 hr and 525 hr in Fig. 2. 
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2. Crude C. /eonense gum was precipitated with acidified ethanol, dehydrated with 
5 changes of acetone (as in | above) and finally washed with ether. After preliminary 
drying by method II for 6 hr at 60°,aw eighed sample (474 mg) was dried by method IV 
at 70° for the period 1-5 hr, at 90° for 5-68 hr, at 105° for 68-116 hr, at 130° for 116 
164 hr. at 140° for 164-188 hr, at 150° for 188-236 hr, and at 155° for 236—260 hr. 


The total weights of water, ether, ethanol and acetone liberated are shown graphically 


in Fig. 3. Decomposition of the gum was slight at 130° and pronounced at 140 


the graphs show that evolution of organic solvents continued steadily after the onset of 














e OA 
> OB—ether 
OC ethanol 
e OD acetone 


decomposition. It is noteworthy that, of the three solvents involved, ether was the 
most strongly retained: this is surprising, since (a) its boiling point is the lowest, (4) it is 
the least polar, (c) it was used in smallest amount for the shortest contact time and only 
for superficial washing. Apparently the ethanol (used in the precipitation process) and 
the acetone (used in the dehydration procedure) are accessible to and extracted by the 
ether used in the final washing stage. This effect was verified in the next experiment. 

3. A further sample of crude C. /eonense gum was precipitated with acidified ethanol, 
dehydrated with absolute ethanol (5 changes, each in contact with the gum for 2 
days), progressively ground to a powder, and finally washed with ether. After air 
drying, a weighed sample (845 mg) was dried by method II at 60° for 24 hr, when the 
total loss in weight (i.e., water solvents) was 3-5%, as represented by the curve OA 
given in Fig. 4. The sample was then quickly transferred and dried by method IV at 
78° for a further 138 hr, i.e., for the composite drying period of 24-162 hr. This gave 
part AB of the dehydration curve. Further drying at 108° for the period 162-234 hr 


gave curve BC; drying at 120° for period 234-258 hr gave curve CD. The dotted 
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curves AE, AF and AG give the weights evolved of water, ether and ethanol 
respectively; curve ABCD gives the sum of AE AF + AG. The curves clearly show 
that solvents are still being liberated after drying for 280 hr, and confirm that the ether 
used as a final wash is more strongly retained than the ethanol used for both precipi- 


tation and dehydration. 








Release of water, ether, and ethanol from a sample of ¢ 
Curve OABCD—total loss in weight 
Curve AE—water contributing to total AD 
Curve AF—ether contributing to total AD 
Curve AG—ethanol contributing to total AD 


4. To test the effect of particle size on the retention, a sample of crude C. Jeonense 
gum was precipitated and dehydrated with methanol (6 changes, each in contact for 2 
days). After air-drying, the sample was ground finely and sieved. Two fractions (a) 
passing 200 mesh and (5) passing 100 mesh were retained, and dried by method II at 
60° for 9 hr. Weighed samples were then dried by method IV at 65° for the period 
0-365 hr, at 95° for 365—437 hr, at 98° for 437—509 hr, and at 101° for 509-629 hr. For 
the 200-mesh sample, the weights of water and methanol evolved are given in Fig. 5 
by curves A and B respectively, and for the 100-mesh sample by curves C and D 
respectively. These curves again emphasise that the drying temperature is more 
effective than the period of drying; methanol was still being released at the end of the 
experiment. 

5. Parallel experiments to those described for C. /eonense gum were made on 
samples of gum ghatti;'® the retention of water and solvents by the two gums was 
very similar. 

6. Further experiments were made with gum ghatti to test whether (a) solvents less 
polar than ethanol, methanol, acetone and ether e.g., carbon disulphide and dioxan, 


or (4) solvents containing bulkier functional groups e.g., isopropanol would be less 


strongly retained. For all of these solvents, however, retentions similar to those for 


acetone, ethanol, methanol and ether were given. 
The retention of methanol by some starches was investigated. (a) A sample of 
potato starch (500 mg) was refluxed with methanol for 4 hr. After heating by method 


4 
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Il at 80° for 24 hr, it was then dried by method IV at 98° for 0-18 hr, at 102° for 
for 40—64 hr, at 112° for 64—84 hr and at 134° for 84-88 hr. As much 
after steady evolution 


18-40 hr. at 108 
methanol was evolved in the final 4-hr period of heating at 134", 
or 84 hr, as was evolved in the 18-hr initial period at 98°. (6) Rye starch, which had 


f 
been stored under methanol at 0° for 2 years, was treated by method II at 61° for 24 hr. 


ind methanol from a sample of C. /eonense gum 
' from 200-mesh 


from 100-mesh 
rve D—methano 


dried by method IV, the evolution of methanol being 


\ sample (500 mg) was then 
| °~ w/w respectively). 


reported in Table II (+ and indicate 0-1 0:5°%% and 0-5 
Similar results were obtained with other starch samples. 

8. A sample of C. /eonense gum which had been purified by ethanol precipitation, 

1 to lose 1% by weight after heating at 


dialysed. and freeze-dried for 4 days was found 


TABLE Il 


90-106 106-154 154-178) 178-202 


103° for 5 hr, and a further | % on raising the temperature until decomposition began. 


Similar experiments with a freeze-dried sample of a pectic acid isolated from Nitella 
'* gave a loss in weight of 6-4% (duplicate runs) when the sample was taken 


fTranstucens 


direct from the freeze-drier; samples stored in a desiccator overnight after freeze- 


drying gave 8:5°% loss in weight when treated by method III. 
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DISCUSSION 


rhe results show that both water and organic solvents are retained tenaciously, 
even on prolonged drying under vacuum at temperatures much higher than the boiling 
point of the solvents concerned. Indeed, retention continues up to the temperature 
at which the polysaccharide material begins to decompose, as revealed by yellowing in 
colour and the starting of the evolution of CO,. Furthermore, although apparent 
“constant weight” is reached after drying at a certain temperature for a determinable 
number of hours, continued drying at a slightly increased temperature gives further 
liberation of water and solvents, until eventually “constant weight” is again reached. 
This cycle can be repeated many times, by raising the temperature in small increments, 
until eventually the decomposition temperature of the carbohydrate material is reached 


Freeze-dried samples also retain moisture tenaciously, although in smaller amount 


5 , 
15 2 


this agrees with Robson,” who found that a solution containing 16° glucose 
gelatin required freeze-drying for 500 hr at room temperature for a// moisture to be 
removed. In practice, freeze-drying is not normally continued for longer than about 
100 hr, and it is often assumed that samples so treated have a negligible moisture 
content: many quantitative inaccuracies must arise in this way. Freeze-dried samples 
may also retain organic solvents; cellulose retains 1-5°, (w/w) of benzene on freeze- 
drying.!® 

Water and vapours can be occluded" in crystalline sugars; indeed, it was found 
recently that when phenylboronate ester derivatives of methyl glycopyranosides were 
recrystallised from benzene, significant amounts of solvent were retained unless special 
care was taken to ensure its complete removal. Other authors" have recently reported 
similar solvent occlusion effects. 

lo obtain accurate quantitative results with carbohydrate materials, it is clear that 
great attention must be paid to drying procedures. Furthermore, any previous treat- 
ment of a sample with organic solvents must be considered if inaccurate and misleading 
functional group analyses e.g., methoxyl, acetyl are to be avoided (cf. ref. 20). Applica- 
tion of the infrared alkoxyl method" has shown that mere reflux with ethanol can 
create artefacts e.g., ethoxylation of the fructose from lucerne*! and of certain plant 


— 


gum components:*- we are grateful to Dr. R. J. Ferrier for the information’ that a 


dry, powdery xylan of normal appearance prepared by him contained 70%, of ethanol 
These findings serve to support the timely warning given by Bell*’ regarding the 
possibility of formation of non-reducing ethyl glycosides when plant materials are 
treated with hot 80-95%, ethanol. It now appears likely that the occurrence of an ethyl 


riboside,™ so far unconfirmed.” also arose in this way 


icknowledzgements—We thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest in these studies, 
and the Department of Scientific and Industrial Research for a maintenance grant (to N. J. K.). We 
ire grateful to Dr. R. S. Fanshawe, Dr. R. J. Ferrier and Dr. E. E. Percival for supplying materials 


for examination, and for providing experimental details 


Zusammenfassung—Es wurde untersucht, bis zu welchem Ausmasse einige Kohlenwasserstoffe Wasser 
und organische Lésemittel festhalten. Das Wasser wurde gravimetrisch und die Solventien mittels 
einer Infrarotmethode bestimmt. ‘‘Trocknen zu konstantem Gewicht” bei 103°C im Ofen oder bei 
80°C im Vakuum gibt nicht den “wahren Feuchtigkeitsgehalt”. Wasser sowohl als auch organische 
Lésemittel werden bis hinauf zu Temperaturen festgehalten, wo bereits Zersetzung der Kohlen- 
wasserstoffe stattfindet. Polaritat und Siedepunkt sind fur das Ausmass der Retention nicht 


bestimmend Frostgetrocknete Proben kOnnen organische LOésemittel zuriickhalten und zeigen 
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nd Feuchtigkeit. Die Méglichkeit ungenauer Ergebnisse und irrefiihrenden 


diese Art von Retention hervorgerufen werden k6nnen, werden betont 


Résumé—Les auteurs ont ét "importance avec laquelle les hydrates de carbone retiennent leau 
iu fixée était dosée par gravimetrie, les solvants par une méthode 
‘dans un four a 103° ou sous vide a 80° ne donne pas des 


L’eau et les solvants organiques sont retenus tous les deux jusqu’a 
} 


1ydrates de carbone commencent a se décomposer; la polarite et 


) 


pas l’importance de sa liaison. Des échantillons 
liques et ont des teneurs en eau importantes. La 


ints provenant de fixation ou d’interaction avec les 
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Summary—The colour reactions of 2-quinizarinsulphonic acid (sodium salt) and 2 phenoxyquinizarin 

+’-disulphonic acid (dipotassium salt) with aluminium or beryllium have been studied and compared 
with the normal acid-base colour changes. pK values for these compounds were determined spectro- 
photometrically and compared with the ionisation of 1,2-dihydroxyanthraquinone-3 sulphonic acid 
(sodium salt). The application of the colour reactions of 2-phenoxyquinizarin-3,4 disulphonic acid 
(dipotassium salt) with aluminium and beryllium to the spectrophotometric determination of both 


ns 1S discussed 


INTRODUCTION 


SPECTROPHOTOMETRIC methods for the determination of aluminium using 2-quin- 


izarinsulphonic acid (sodium salt), and of beryllium using 2-phenoxyquinizarin-3,4 - 
disulphonic acid (dipotassium salt), have recently beendeveloped in this laboratory.'°""! 
[his paper presents some of our results and views concerning the nature of the colour 
reactions of these compounds with aluminium and beryllium. The acid-base colour 
changes of the unreacted hydroxyanthraquinones show spectral resemblances to the 


colour changes which result upon reaction of these compounds with aluminium and 


beryllium. Hence the successful analytical use of these colour reactions for the deter- 


mination of metallic ions depends on control of the normal acid-base reactions, and on 
recognition of the related problem of indicator salt effect. In general, as with most 
hydroxyanthraquinones, the reactions are very sensitive (1 part beryllium in 125,000,000 
using 2-phenoxyquinizarindisulphonate) but they lack selectivity and are highly 
dependent on pH. 
EXPERIMENTAI 

Reagents 

3- Alizarinsulphonic acid (sodium salt): The “indicator” grade of compound obtained from Allied 
Chemical and Dye Corporation was used after several recrystallisations from brine Analysis: 

( 46°25, %H 2:36 vs theoretical C = 46°67 H 2°52 

2-Quinizarinsulphonic acid (sodium salt): About 90% pure 

2-Phe noxyquinizarin-3,4'-disulphonic¢ acid (dipotassium salt) About 90 pure 
solution in distilled water for the determination of beryllium or aluminium. 

Standard aluminium solution: Dissolve about | g of accurately weighed pure aluminium metal in 
20 ml of concentrated hydrochloric acid and dilute to | litre with distilled water. A trace of mercuric 
chloride added to the solution will increase the rate of solution. Make further dilutions of this 
standard solution as required 

Standard beryllium solution: Weigh accurately about 0-5 g of pure beryllium metal (Johnson, 
Matthey and Co.). Dissolve the metal in 250 ml of water with the addition of concentrated hydro- 


chloric acid in an amount necessary to make the resulting solution 0-1 N in acid when the solution is 


* Present address, E. I. du Pont de Nemours & Co., Inc., Kinston, N. C., U.S.A 
The impurity consists of KCI or NaCl used in purification to salt out the compounds from aqueous 
solution 
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Use a hood and avoid fumes. The pH of a 5-ppm solution prepared from this 
yn should be about 2 
nt: Dissolve 18-6 ¢ of disodium EDTA and 12 g of calcium nitrate, 

of concentrated 


EDTA fering age 
ut 350 ml of water and adjust to pH 4-3 by adding about 6 ml 


Dilute to 500 ml 
Dissolve 9-3 g of disodium EDTA and 10 ¢ im nitrate, 
lilute to 500 ml 


nd di 


RESULTS 


Mi 


Cy 


Phe acid-base colour changes of 2-quinizarinsulphonic acid (sodium salt), 2-phen- 


3.4’-disulphonic acid (dipotassium salt) and 3-alizarinsulphonic acid 


min 


VU 


of pH on spectra 


rarinsulphonic acid (sodium salt 


pA values of the acids were determined by 
lhe mid-point of the inflec- 


(sodium salt) are shown in Figs. 1|-—3. 
plotting the absorbance at 470 mu or 420 my versus pH. 


tion curve is assumed to be the point at which the two forms of the dye are equal. 


rhe graphs for the determinations of the pK values at an ionic strength of 0-1 at about 
ire shown in Figs. 4-6. Since the colour is not stable in basic solution, the pA 
values. Visually the second colour change from 


> 
4 


values are more uncertain than pK 
pink to blue is most pronounced with 2-quinizarinsulphonic acid (sodium salt). The 
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second colour change in the other two compounds is from pink to violet, being less 
apparent visually with 3-alizarinsulphonic acid (sodium salt).* The equations repre- 
senting the acid-base behaviour of these compounds may be written thus: 


H,In = H HIn~ (1* colour change) 
HIn H [n-* (2"* colour change) 
In summary: H,In H HIn 2H [n° 


where In represents the indicator anion. 





Wave ength, mM 2 


Fic. 2.—Effect of pH on spectra 


VM 2-phenoxyquinizarin-3,4’-disulphonic acid (dipotassium salt) 


(H*][HIn | and K, [H*][{In2-] 
[H,In] [HIn-] 


and pK, is the pH at which [HIn~] = [H,In], 


Then 


and pK, is the pH at which [In*~] = [HIn7]. 


Results of the determinations are summarised in Table I. It is apparent from these 
values that 3-alizarinsulphonic acid (sodium salt) is a stronger acid than the 1,4- 


dihydroxycompounds. The pX, value for alizarinsulphonic acid had been determined 


* See ref. 12 for more details of this method of pX determination, 
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Effect of pH on spectra 


3-alizarinsulphonic acid (sodium salt) 








Fic. 4.—Spectrophotometric pX determination. 
n-3,4’-disulphonic acid (dipotassium salt), 5-54 10°°M, ionic strength 
0-1, 23 
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Fic. 5 


Spectrophotometr 
2-Quinizarinsulphonic 


pk determination 
10°-°M, ionic 


C 
acid (sodium salt), 5-54 


FIG 


Spectrophotometr 
nsulphonic 


c pA determination 
icid (sodium salt), 5-54 10°°M, ionic 


St 


ble I.—pXK Values at an ionic strength* of 0:1 


Compound pK,, pk 


2-phenoxyquinizarin- 


3,4’-disulphonic acid 0-1 about 12:4 
(dipotassium salt) 


2-quinizarinsulphonic 


acid 


about 12 
(sodium salt) 


3-alizarinsulphonic 
acid 


(sodium salt) 


With potassium nitrate, dye concentrations were 5-54 10°M 
Accuracy of — 0-1 pH unit has not been rigorously estab 
lished with replicate determinations; however, in the single 
determinations the graphs can be interpreted within these 
limits 
Uncertain because of instability compounds 
basic solutior 
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previously! as 8-14. However, this older value does not coincide with the colour change 
interval of alizarinsulphonate as found by us, and as listed in handbooks (colour change 
interval pH 3-7 to 5:2, yellow to violet).* Moreover, we find that in neutralisation 
curves using sodium hydroxide as titrant, alizarinsulphonic acid is bracketed in the 
criteria of sharpness of the equivalence point break by acetic acid (pK, 4:6, «4 = 0-1 at 
25°) and disodium ethylenediaminetetra-acetic acid (pK; 6°16, «4 = 0-1 at 20°)."° The 
mid-point in the titration of 0-008M alizarinsulphonic acid (sodium salt) with 0-1A 
sodium hydroxide occurred at about pH 6. (Ideally pH pX, at this point.) The 
difference between pK = 5-7 and 6 is partly accounted for by the difference in ionic 
strength in the two determinations. This indicates that the colour change of alizarin- 
sulphonic acid is coincidental with ionisation of a hydroxyl hydrogen. The first colour 
change of alizarinsulphonic acid (sodium salt) has been linked with hydrolysis of the 


sulphonic acid group by other investigators.’ This assumption seems incorrect, 


inasmuch as sulphonic acids are relatively strong acids. Moreover, the colour changes 


of sulphonated alizarin are similar to the colour changes of unsulphonated alizarin.* 
Finally, the neutralisation curve of 2-quinizarinsulphonic acid (sodium salt), titrated 
with sodium hydroxide, showed only a very small inflection compared with the curves 
of disodium-EDTA, acetic acid, and alizarinsulphonic acid. This agrees with the 
spectrophotometric pA, value of 8-7. Since sulphonic acid groups in the two com- 
pounds are not expected to have widely different natures, the difference in pK values 
must result from a difference in type of hydroxyl hydrogens. 

The difference in pA, values for 1,2-dihydroxyanthraquinone-3-sulphonic acid 
(sodium salt) and 1,4-dihydroxyanthraquinone-2-sulphonic acid (sodium salt) is 3-0. 
Assuming that the difference in measured equilibrium constants (at 5-54 10-°M and 
u 0-1) closely approximates to the difference in the true equilibrium constants, and 


I 


that entropy changes are not significantly different for the two reactions, the difference, 


\H, between the two reactions can be estimated. For Apk,, 
AH RT In K 
2:3 x 1:987 x 296 
4-1 kcal. mole. 


[his is the right order of magnitude for the breaking of a hydrogen bond. Indeed, the 
difference between 1,4-dihydroxy and 1,2-dihydroxy compounds is that one posesses 
two intramolecularly bonded hydroxyl hydrogens and the other only one. This view is 
supported by infrared evidence’ and further by differences in melting points in the 
various hydroxyanthraquinones. Dihydroxyanthraquinones, having only internally 
bonded hydroxyl groups, have significantly lower melting points. Hydrogen bonding 
is sterically posible between the sulphonic acid anion group and adjacent hydroxyl 
groups. Apparently this does not contribute much to the stability (ease of ionisation), 
especially with regard to pA,. Green* found pK, = 8:2 and pK, = 10-7 for 6-quin- 
izarinsulphonic acid (sodium salt). The sulphonic acid group is not adjacent to a 


hydroxyl group in this compound. 


ature of the Be-2-phenoxyquinizarin-3, 4'-disulphonic acid complex 
I ] 
Purification of the organic reagent was necessary because the crude product 


se 
ec 


gave a sulphur analysis suggesting that it was a mixture of mono- and disulphonic acids. 
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Purification of the reagent: The commercial product (1:3 g) was recrystallised seven times from 


water by salting out with 2%, potassium chloride. The purification was carried out by adding small 


insoluble 


In this manner, concentration 


amounts of potassium chloride solution and filtering off the insoluble precipitate. The 
portion was discarded and the filtrate used for further similar steps 
of the more soluble component was effected After seven purification steps the yield was 0-7 g 
Analysis of the purified product for carbon, hydrogen, and residue showed the residue to be high and 
the carbon and hydrogen to be low based on theoretical calculations as the disulphonic salt. Assuming 
the excess residue to be potassium chloride (chloride was detected with silver nitrate in a portion of 
the residue, after igniting and dissolving the residue in water) the analysis could be reconciled. Under 
these assumptions, It was calculated that the compound was about 90°, pure 


—————— ~ 


Determination of combining ratio: In confirmation of our assumptions, the mole 
ratio determinations showed a slight discrepancy in combining ratio which could be 
explained by the fact that the reagent was not 100°, pure, i.e., in the slope ratio method 
of Harvey and Manning? the combining ratio of dye to beryllium appears to be 1-13:1 
(see Fig. 7). Correcting for 10%, non-reactive impurity, the combining ratio of dye to 
beryllium is 1:1. Similar results indicating a 1:1 mole ratio were obtained with Job's 
continuous variations method® and the method of Yoe and Jones." 

The absorption peaks of the complex in the presence of excess beryllium do not 


change significantly with pH, whereas the absorption peaks of the reagent do shift 
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rhis could indicate that a hydroxyl hydrogen present in the unreacted 

t at pH 6 is ionised at pH 6 in the beryllium complex. (It is possible that the 
n of the beryllium complex changes the pK values for ionisation from that in 
Assuming this to be true, a possible structure for the complex 


which is analogous to a postulated structure for the 1:1 complex of 


1! naphthazarin.™ Inthe beryllium-naphthazarin 1:1 complex, two moles 


-d per mole of complex formed. There is no evidence that a 


xyquinizarin-3,4 -disulphonic acid (dipotas- 
lium does form such a complex with naphtha- 
] 


yhenoxyquinizarin mo ecule iscertainly larger. 


ym the standpoint of steric hindrance, if a tetra- 
he reason why the 2:1 complex is not formed 
ic reason. Under our conditions, j.e., in 0-4M 


1 position may be occupied by anacetateionifn i. 


honate 1:1 complex 


rhe similarity of the visible spectra of the complex to the spectra of the ionised 
form of the unreacted reagent may indicate that the formation of the metal-dye 
complex “induces” ionisation of the reagent. This would cause a premature colour 
change with respect to the pH at which it normally occurs in the acid-base reaction of 


the dye. A similar mechanism has been postulated for the thorium-alizarin S reaction.® 
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Chis complex could readily form a polymer, as shown in the structure of the beryllium- 


naphthazarin complex. 


Be 


Whether or not a polymer is formed under the conditions of analysis is not known. 
Che fact that Beer’s law is not obeyed at high concentrations may indicate polyme! 
formation. (Above 0-7 ppm the absorbance-concentration curve deviates towards the 
concentration axis). Non-additive absorbances in the case of mixtures of aluminium 
and beryllium are another indication of component interaction, possibly related to 
mixed polymer formation. Most of these considerations apply to the aluminium- 
phenoxyquinizarinsulphonate complex as well; however, the combining ratio has not 
been determined. In methanol, aluminium and 2-quinizarinsulphonic acid form a 1:1 


. ) le 
complex. 


, 


{nalytical behaviour of the Al-2-phenoxyquinizarin-3, -disulphoni« acid complex 

rhe effect of pH for the aluminium complex is shown in Fig. 8. The optimum 
value is pH 6:0, « = 0-1. The complex forms rapidly after mixing, and the colour 
decreases in intensity as shown in Fig. 9. Nearly constant absorbance is reached after 
one hour. Beer’s law is not obeyed, and the deviation is greater than that of the 
beryllium complex under the same conditions (see Fig. 10). Sensitivity for aluminium 
at the 0-2-ppm level is 0-0013 wg.cm~ for log Ip/I 0-001. A more practical sensitivity 


however, is | part in 50,000,000. 


Determination of both aluminium and beryllium with 2-phenoxyquinizarin- 
3,4'-disulphonic acid (dipotassium salt) 

Both aluminium and beryllium form pink-violet complexes with this reagent 
at pH 6. Absorption maxima are within the range 550-560 mu. By using Ca-EDTA as 
a sequestering agent, it is possible to determine beryllium in the presence of aluminium 


| Since an independent measure- 


by the method recently developed in this aboratory.! 


ment for beryllium is possible,an investigation was made todetermine whether the sum 


of the two absorbances could be used to determine aluminium by difference. 


Investigation of procedures 


Two masking agents are used: Ca-EDTA for the separate determination of beryllium, and 
Cd-EDTA for determination of the sum (aluminium beryllium). Cd-EDTA allows the aluminium 
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Fic. If Beer 
Aluminium and beryllium complexes with 2-phenoxyquinizarin-3,4’-disulphonic acid 
(dipotassium salt), Cd-EDTA (0-0147) and ammonium acetate (0-4M) present, pH 6-0, 








H on conditiona 
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complex to velop but Ca-EDTA masks aluminium by exchange. This is explained by stability 


constant relationships of the EDTA complexes of the three metal ions (see Table Il) 


Table III EDTA conditional stability constants 


pH 6 pH 8 


60 &-4 
9-0 6-2 
11-8 14°] 


s technique was tried using aliquots of the same final solution. Cadmium ions 
were added to a portion of the sample solution containing aluminium masked by Ca-EDTA. Cadmium 
ons replaced calcium and aluminium ions. The demasking of aluminium in the presence of beryllium 
should result in a stepwise increase in absorbance. The “blank” using this procedure had a high 
ibsorbance because of the two-fold excess of cadmium ions added, as well as the liberated large excess 
of calcium tons 

Another possibility for demasking aluminium was to change the pH from 6 to 8. At pH 8 the 
relative stabilities of the Ca-EDTA and AIl-EDTA complexes are reversed (see Fig. 11). This did not 


work out in practice. Moreover, the colour change of the dye occurring at pH 7-3 increases the 


‘blank’ absorbance. The first method using two solutions, one with Ca-EDTA as masking agent and 








ppm 


nation of aluminium in the presence of beryllium 


the other with Cd-EDTA as masking agent proved to be the best of the three trials. The aluminium 
and beryllium complexes do not obey Beer’s law, which is a disadvantage; moreover, the system 
containing both ions behaves as if there were some variable interaction between aluminium and 
beryllium ions in solution. A correction graph was made from the results of a series of known solutions 
containing only aluminium and beryllium (Fig. 12). This graph can be used to determine aluminium 
in similar solutions with an accuracy of about 10°, compared to +2-5%, for beryllium determined 
separately. Because of the non-additive nature of the two absorbances, the method is not recom- 
mended for the precise determination of aluminium in the presence of beryllium Masking with 
Cd-EDTA is theoretically not as effective as with Ca-EDTA, because cadmium forms a stronger 
complex than calcium and will not be displaced as easily by interfering ions. Effects of foreign ions 
have not been investigated. It is recommended, however, that the aluminium and beryllium be 
isolated in a solution of the same general composition as that used to construct the correction graph 


Chis would be practical, for example, after separation of foreign ions at the mercury cathode 
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Zusammenfassung—Die Farbreaktionen von 2-Chinizarinsulfonsaure (Natriumsalz) und 2-Phenoxy 
chinizarindisulfonsaure (Dikaliumsalz) mit Aluminium und Beryllium wurden studiert und mit de 
Saure-Basen-Farbumschlagen in Vergleich gesetzt. Die pK-Werte der Sauren wurden photometri 
bestimmt und mit denen der 1,2 Dioxyanthrachinon-3-sulfonsaure (Natriumsalz) verglichen 


Farbreaktionen der 2-Phenoxychinizarin-3,4-disulfonsaure (Dikaliumsalz) mit Aluminiun 


Beryllium wurden zur photometrischen Bestimmung der beid 


Résume—Les auteurs ont etudie 
sodium) et de acide 2-phénoxyg 
le béryllium et les ont compareées a 
pK de ces composes ont ete det 
l’acide 1 2 ail 
colorées de 


bérylliun 





THE SPECTROPHOTOMETRIC DETERMINATION OF THE 
IONISATION CONSTANTS OF SOME DERIVATIVES OF 
BARBITURIC ACID 


MURRAY E. TAYLOR* and Rex J. Ropinson® 
I Une { versity of Washington, Seattle 5, Washington, U.S.A 


< 


Summary t co nts of d ( cid trobar u acid), violuric acid ( 
ynitrosobarbituric acid) 
Che spectrophotometric 


substances that tonise 


INTRODUCTION 

tion of acid-base indicators has been determined by measuring 

ince with pH [his method has been applied also to the 

constants of colourless acids whose ions absorb only 

hen absorbance is plotted as a function of pH for a series 

icid at constant concentration but varying pH, pK is equal to the 
change of absorbance 

acid (5-isonitrosobarbituric acid) and 1,3-dimethylvioluric 

nitrosobarbituric acid) in water and in hexane are colourless 

region of the spectrum, but aqueous solutions of the alkali salts of the 

d violet and absorb strongly at 540 mu. Thus, it may be concluded 

d acid does not absorb at 540 mu but the dissociated acid does. 

hen, can be used to measure the degree of ionisation of the acid. 


dence of absorbance on pH for 1,3-dimethylvioluric acid at 540 my is 


» cases this method can be used as a tool to determine the mechanism of a 


sation. Dilituric acid (5-nitrobarbituric acid) is too strong to allow its 

constant to be measured conductometrically.’ Electrometric titrations 

that the acid behaves like a strong monobasic acid with an acid strength 

those of picric acid and hydrochloric acid.* It also has been described as a 

id.” Most authors ascribe the yellow colour of aqueous solutions of salts of 

) ionisation. This ionisation was investigated by following the change of 
at 380 my with pH 

EXPERIMENTAI 


He acids 


i (Eastman Kodak Co.) was crystallised from distilled water and recrystallised from 
ethanol yielding white crystals, m.p 


291-22 
3- Dimethylvioluric acid was synthesised by the condensation of 1,3-dimethylalloxan with hydroxy- 


223° dec. (corr.) 

ne hydrochloride.® Crystallisation from 95% ethanol and drying at 110° yielded white crystals, 
141—142>. (corr.) 

1 ,3-Dimethylalloxan was prepared from caffein by the method of Biltz.’ 

Dilituric acid (Eastman Kodak Co.) was used as received, after drying at 110°. 

* Present addr Boeing Airplane Co., Seattle 8, Washington, U.S.A. 
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lonisation constants of some derivatives of barbituric acid 


Aqueous solutions of the various acids were prepared in distill 


of the solutions were as follows: violuric acid, 2 10 l 


ind dilituric acid, 9-75 10 


Measurement of pH and absorba 
4 Beckman Model G pH Meter 


oncentrations of the solutior 


vith appropria 


| 


ay ee 


or 


, 
s 
| 
poo — 
| 


ABSORBANCE 











the hydrogen ion concent! 
were added 
Absorbance measurements for ' 
at 504 mu and 544 mu and those for 
for dilituric acid were at 380 my 
The dissociation constants of these acids were determined to be 
10-° and K 2:2 10-78: 1,3-dimethylvioluric acid, K 
5:6 10 
RESULTS AND DISCUSSION 


icid, K 


Wiituric acl 


[he monopotassium salt absorbs at 544 my and the dipotassium salt absorbs at 
The 


504 mu: consequently the primary ionisation was measured at 544 my. 
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for the first ionisation constant for violuric acid compares 

10-° at 25° and 1-992 10-° at 18°, found by other methods.*:* 

lary ionisation constant was measured at 504 my by measuring the increase 

ce between pH 8 and 12 and was found to be 2-2 10-'*. This probably 

ft of a proton from position | to position 6, or equivalently from 
position 4. with subsequent ionisation 

the absorbance at 504 my increased rapidly and 


Presumably these changes in absorption 


3-dimethylvioluric acid was I: 10-° at 23°. It is 
violuric acid 

id at 390 mu —the absorption responsible for 

to ionisation only was inferred from the 

The effect of increasing pH 1s to increase 

he half-indicator colour occurred at pH 10°25; 

lisation therefore is that of a very weak acid 

table in part to ionisation, is affected only by a 

on. This absorption is probably due to the 

ation of the yellow colour results from a secondary 

ns associated with a nitrogen at position | or 3 of the 

was detected, and it is believed that dilituric acid is a 


colour of solutions of salts of the acid is due to the 


known dissociation value for the first 
ugh the spectrophotometric value was 
he conductivity method. The limiting factor controlling 
the pH measurement 

Zusammenfassung——Die Disso ( Ns VOI itursdure (5-Nitrobarbitursaure), Violursaure 
I ) jure ind 1,3 } violursa urden au ler pH-Abhiangigkeit der 
um die Dissoziationskon 

ler Absorptionsspektren mit dem pH zeigen 
Résume ¢ SSOC | de diluturique (acid 1itrobarbiturique), de lacide 
3-d lviolurique (acide 1,3-diméthyl-5- 
ire de leur variation d’absorption en fonction 
e pour la mesure de constantes de dissociation 


ibsorption dont les variations en fonction du 
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PHOTOMETRIC TITRATIONS—II 
DESIGN AND CONSTRUCTION OF A PHOTOMETRIC TITRATOR 


H. FLASCHKA and P. SAWYER 


stry, Georgia In 


Summary 


B) ) i 
| ( 


Cad 


\ 


INTRODUCTION 


eding papel of this series* 1t was pointed out that photometric end-point 
chelometri ns, thout employing an indicator, 1s used less 


is Warranted by its versatility given was the 


the possibilities offered he method, partly because of a lack in 
of the theoretical considerations. Another reason, the authors believe, 


limited availability of suitable instruments. For reasons previously discussed, 


vatic titrators* are excluded from consideration because they generally fail 


to respond appropriately in the most interesting cases, that 1s, where the system 
approaches certain limiting conditions such as very low stability constant of the metal 


1 


chelate and/or extremely high dilution. Most examples of photometric titrators 


reported in the literature have been modifications of commercial filter photometers or 


spectrophotometers. The alterations are often difficult, and always limit the 


usefulness of an otherwise general-purpose instrument. > main disadvantage 
of a modified commercial instrument, and also of most of the more simply 


constructed titrators which have been described in the literature, however, is the basic 
requirement that the titration has to be performed in a light-tight compartment. This 


often leads to serious restrictions in the shape, and more importantly, in the size of the 


titration vessel. With a small sample, it is necessary to increase its volume so that 
all of the light beam passes through the solution. This, however, may lead to an exces- 
sive dilution, thus lessening the sensitivity of the method and favouring dissociation of 
the complex. On the other hand, if the volume of the sample is large, it may become 


necessary to use an aliquot portion, with the consequence that any error in the titration 


is multiplied by the aliquot ratio. A remedy which has been employed occasionally is 


to titrate outside the cuvette compartment, and to circulate the solution through the 
cuvette continuously by means of a pump. The disadvantages of this procedure are 


obvious. These and other possibilities have been considered in the literature. An 


extensive bibliography on the subject has been compiled recently by Headridge.° 


> 


Ideally, a photometric titrator should have the titration vessel directly in the light 


Ir ler to avoid misunderstandings, an “‘automatic titrator’’ is defined as a device which shuts the 


1 Order 
burette off at the end-point. However, in order to titrate systems near the limiting conditions, it is necessary 


to obtain the whole titration curve, including the part beyond the equivalence point. Combining a titrator 


with an automatic burette and a strip-chart recorder allows one to obtain this curve automatically, but such 


an arrangement will not be considered as an automatic titrator 
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while retaining the ability to operate in the open. The authors 


mmercial insti this kind, but have not had the 


sign requirements for a photometric ttr 

renecral purpose photometer. As will 
inometer scale divisions, because 

1-point 


n enc 
titration vessel in pre- 


se, mandatory 


C 
LDS< ig any one 


yf the titration critical. 


be only approximately | 


ne optical purily ¢ 


nera , { } 
Operation Of a phe 


tne ome\l>Pric 
light. One is to use a very intense 
intensity of the light just before it 
grey wedge or a diaphragm. The effect of external 
exciter lamp) 1s thereby reduced by the 


than tl 
may be reduced in this mannet1 
‘s are introduced, namely, the produc- 


stability of the light source because of 


which generates an alternating 
xternal light in a 1 


I 


iminated electronically The 


sroperly designed apparatus 
more involved 

(light chopper) required, may be 
immeter is usually employed. Hence, 


mict 
titi Ve nv 


ler to obtain an output capable of causing a full- 


tclill 


setting. The characteristics of the common 
reviewed elsewhere.? 


ne showed that selenium 


design of a photometric titrator 
ind unfavourable spectral response of these 
prime requirem a photometric titrator, namely, that of 
of stability 
ith ¢ imber of photocells and their associated electrical 


nd that the Texas Instruments, Inc. type IN2175 photo-duodiode iS 


] 


it receptor. This quite inexpensive solid-state device consists 


ised NPN silicon junction mounted in the focal plane of a 


tire device is only 12 mm in length and 2 mm in diameter; the 


t 


rface is only a fraction of 1 mm*in area. Sensitivity, as well as spectral 
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response characteristics, of the photo-diode was found to be very satisfactory for the 
present purpose. The greatest advantage which accrues from its use is the fact that in 
order to be focussed on the photosensitive area, light must reach the photo-cell lens 
within a certain angular range. Since the external light is almost entirely outside this 
range, its exclusion presents no difficulty. 


Che 1N2175 photo-diode, in conjunction with other well-known features of pho- 


tometer design, led to the construction of a simple and inexpensive titrator described in 


the following sections 


THE PHOTOMETRIC TITRATOR 





the photo 

Lamp, GE type 425 Filter holder 

Condensing lens, 37-5 mm d . mm 1S mm diam. tube 

Parabolic mirror Zero adjusting shutter 

Circular diaphragm, 20 mm diam 1. Photocell and photocell mounting, side view 
4. Adjustable wedge diaphragm, side view la. Photocell and photocell mounting, front view 
4a. Adjustable wedge diaphragm, front view 2. Lamp housing 
5. Adjustable wedge diaphragm, side view 3. Aluminium mounting angles 
Sa. Adjustable wedge diaphragm, front view Cell holder and springs 
6. Self-closing shutter 5. Chimney 

Focussing lens, 37-5 mm diam., F. L. 75 mm 





SAWYER 


O produce a nearly 
anomet 


iCl a 


and a critical dampin 





accomptt . 
ened complete! 


idjusted 
mpartment are firmly mounted o1 parallel 


side S 


a spring clamp (14) which is made fror 
which a smali steel spring is attached 


m a piece 
The other ends of the springs 
f the photocell compartment 
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The entire apparatus IS pa nted inside and out wit non-reflecting black |: | \ perspective 


ew of the photometer is shov - o pera n of the instrume nee » further ex 


planation 


lin 
neal 


an external sour u - which is 
provided by a 5 1 ! ‘ ited at Compensation fo dark current 
(appro mately 0-01 Ip al »°) is obtained by mea I ero-adjusting bridge circuit also shown 
in Fig. 5. The photocell mounted co-axially in a cylindric he nk (see Figs. 1 and 2) to 
minimise drift of the dark current because of variation in temperature. Somewhat less than the critical 
damping of the galvanometer (the above mentioned Rubicon type) is provided by placing a 70,000-ohm 
resistor 1 parallel circuit arrangement with the galvanometer and its zero-adjusting circuit. The 


resistance of the zero-adjusting circuit is approximately 500 ohms, and has a negligible effect on the 


damping of the galvanometer. Approximately 94 the ultimate sensitivity of the galvanometer is 
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(Sw2) allows the damping resistor to be removed from the 
is replaced by a strip-chart recorder for automatic 
The use of shielded cable in all external wiring 


und to be essential to minimise spurious response by the gal- 


ttery (B1) are mounted on a small panel behind the photocell 
tween the aluminium supports, respectively 


that it keeps the leads of the high-impedance 


>» mounted in two 


to tests t ‘termine the linearity of its response, its stability and 


ision Of extel 


photometer was determined by performing a number of titrations 


nditions known to give a linear change in absorbance with volume of titrant 
lefined photomet nd-] t The systems were copper" with EDTA® in 
ind copper” with triethylenetetramine’ in acetate buffer at pH 7. An 
ng its transmittance maximum at 620 my was used for both titrations. This is 
corresponding to the absorbance maximum of either system, but was the best 
filters. Examples of titration curves are represented in Fig. 6. It can readily be 
nse of the instrument is linear, within the limits of experimental errors The 

he end-points was within -+-0-02 ml, as can be expected in such titrations. 
of the photometer depends on the stability of the photocell dark current, of 

the electrical circuit 


rent arises from the conductance of the photocell at zero light intensity. The 





mportant parameter for the stability of the ent anc 
the current inthe zero-adjusting bridge circuit proximat 
5 10-*° amp per day. This variation c negligible 


Stability of the light source was achieved by the 


1 
(less than Wal n comodinati Wi 


+, 


s 





The effectiveness of exclusion 


intense beam of light from a 


incident upon the aperture o 
subtended by the lamp hous 


deflection occurred 


i VESSE 


; mentioned above, the focussi 
; 


Hence, the titration vessel must n 


cuvettes are not essential, and vessel 


satisfactory 

Rectangular pieces of ordinary plate glass were cut to convenient sizes, and the surfaces to be 
joined were ground with abrasive material and bonded together with an epoxy resin. A number of 
cells with faces 10 10 cm and light paths of 1-5 to 5cm have proved suitable for most macro titrations 
Of course, any other size compatible with the dimensions of the photometer may be constructed when 
needed. For titrations to be performed at elevated temperature, analogous cells were made from 
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ncreased temperature in such titrations was maintained by inserting a U- 
taining a small heating spiral 
ate space for insertion of a stirrer. The stirrer is a glass 


nd is driven by a 6-V d.c. motor. It is important that 


that the motion of the stirred liquid ts from 


nrevents formation of air bubbles which could 


NT OF RESULTS 
place the titration vessel filled with water 
) adjust the zero point with the shutter closed and 
idjust 100 r with the diaphragms. The water 
be titrated is placed in the titration 
transmittance between zero and 100 ¥ 
tance readings are recorded after the addition 
inear relationship is between absorbance, 


titrant. the results may be treated in 


arithms into absorbance, and 


I is plotted direct! semi-loga- 


and 100 I leads to a situation in 
scale 1s used during the titration. Higher 


greater part of the scale (preferably the entire 


10 to 100 [ can be plotted on one cycle 


ugnel precision methods are used. An 


Assume that the transmittance is adjusted 


and when the sample is introduced the 

hat the transmittance decreases during 

30 Only 20 of the 100 scale divisions 

l is adjusted with the starting solution 

in be achieved by operating the diaphragms so that 

this example the light intensity must be doubled; 

‘nce, the 100°, T point is outside the galvanometer 

200 S.D. ( scale div n In the titration performed with these 
cale range t { will be from 100 S.D. to 60 S.D. 

important to note that the only difference in the plots of these two 

l-cycle semi-logarithmic paper, is a parallel shift of one 

other in the direction of the ordinate. The actual span on the 

for each curve, because whatever the adjustment of the sensitivity 

er or light intensity, the fact remains that the absorbance change for 

cular titration is unaffected by the method for plotting the results. In the 


> absorbance change, AA, is seen to be 
\A log (0°50) log (0-20) 0-30 0-70 0-40. 


which is the same ordinate distance on semi-logarithmic paper whether the plot is from 


50 to 30 S.D. or from 100 to 60 S.D. In other words, the higher precision gained in the 
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galvanometer scale reading is nullified by the closer spacing of the lines on the graph 
paper. 

In order to benefit from the increased precision in reading the galvanometer, it is 
necessary to convert transmittance readings into absorbance values, and to plot absorb- 
ance on a linear paper where it is at our disposal to select an appropriately higher 
precision scale. 

The reverse case, that is, when the transmittance increases during the titration. is 
not handled as easily, as an example will show. Assume that the solution shows 50 I 
initially (100 l adjusted with water), and that during the titration the transmittance 
increases to 70%. Obviously, adjustment of 100°, T with the starting solution will 
lead to the situation in which the galvanometer deflection will be outside the readable 
scale at some time during the titration. At first glance, the problem may seem to be 
solved with no difficulty by adjusting the 0 lr electrically, with the starting solution 
as the zero reference instead of the closed shutter. This will give a titration curve 
which cannot be correct, as can be deduced from the following derivation 

In order to handle the problem in a completely general way, assume that the zero 
point is at MS.D Adjustment of 100 lis performed, and N S.D. are read with the 
reference solution. When the sample ts introduced into the light beam, the reading is 
PS.D. The °% T corresponding to the reading P S.D., with respect to the total scale, 
is given by the relation 

WU): 100 (P Vf) 
which yields 


LOO (P VW )/CN V) 


Hence, the absorbance Its gi 


\ log (°% T/100) log (P M)/(N VU) = log (AN log (P VM) 


Returning to the first case, where M Q, it can readily be seen that the absorbance is 


directly proportional to the logarithm of the reading / As long as P is within the 


readable portion of the galvanometer scale, a plot of scale divisions on semi-logarithmic 
paper, or —log P (or even simply +log P) on linear paper will yield a correct titration 
curve, displaced parallel to itself in the direction of the ordinate by an amount log N. 
Since only the value of the abscissa at the end-point is wanted, this shift is unimportant. 

In the second case, however, the zero-point is not at the galvanometer zero, that is, 
M 0, and it is readily appreciated that the absorbance is now proportional to 
log (P M). In order to plot the titration curve correctly, the value of M must be 
known. In practice this can be done by first setting the galvanometer zero with the 
shutter closed and then introducing the titration vessel containing the sample into the 
light beam. The galvanometer will now read M scale divisions, so that if the galva- 
nometer is now readjusted to zero electrically, it is necessary to add the value M to each 
reading during the titration to obtain the correct curve. The electrical adjustment may 
be performed by applying an adjustable voltage to the terminals of the galvanometer 
to allow the entire scale to be shifted an arbitrary amount in either direction. To obtain 
higher precision, it is necessary to be able to adjust the sensitivity so that readings near 
the full-scale deflection are obtained at the end of the titration. However, adjustment 
of the 100° T with, for example, a pre-titrated sample having the same concentration 
as the sample to be determined, cannot be done after the shift of scale has been carried out, 
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for this will change the value of M by an unknown factor. Nevertheless, it is possible both 
he value of M and to utilise most of the scale with the following 
the galvanometer zero in the usual way, then introduce a sample 
has been titrated beyond the end-point, and open the shutter. Adjust 


ity so that the galvanometer reads some convenient number of scale 


r than 100 VM here M’ is an estimated value of M. (It is here 


ralvanometer is 100 S.D.). It should be 


EDTA at pH 10 (649 my) us 
Sargent Model MR recorder 


nl titrant) 


is the estimated l of the starting solution referred to the same solution, 
titration has been completed, as having 100% T. The solution in the titration 
replaced by a sample having the same initial concentration, whereupon the 
galvanometer will read between M’ and 100. This readjusted value of M, must be 
added to each reading during the titration to obtain the correct curve. Application of 
an adjustable voltage to the terminals of the galvanometer can be used to re-set the 
galvanometer to zero. With this procedure, the galvanometer indicator will not leave 
the readable scale if M M (original), and almost all of the scale will be used if ve 
and M are nearly equal. 
Again, it should be pointed out that this procedure will not give higher precision 
when semi-logarithmic paper is used, and in order to benefit from this “ultimate 


precision” approach*, it is necessary to convert the readings into absorbance values 
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and to plot these on linear paper with divisions selected to provide the appropriate 
precision, 

Another possibility is to convert the output of the photocell circuit, which is 
proportional to transmittance, directly into absorbance readings by means of an elec- 


tronic circuit. These circuits are rather involved and the range in which their output is 


a truly logarithmic function of the input is limited (see, e.g., Ref. 9). Such an electronic 


conversion is of particular interest when the titration curve is plotted on a strip-chart 
recorder. It is, however, possible to plot the transmittance automatically, and in many 
cases the location of the end-point can be seen readily from the recorded curve. An 
example is shown in Fig. 7. For systems where the curvature is too great, and no sharp 
break is obtained, a useful procedure is to plot a number of points near the beginning 
and end of the recorded transmittance curve on semi-logarithmic paper, and to extra- 
polate in the usual way. This is much slower than having the absorbance recorded, but 
is less tedious than plotting the curve manually, point by point. In addition, it is 
advantageous to have the entire curve, and the method is especially suitable and time- 
saving in investigations to find the most suitable conditions when a new titration 


method is being developed. 
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diode and took part in valuable discussions. The work was performed under a grant of the National 
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Zusammenfassung—Die Konstruktion eines einfachen, photometrischen Titrationsgerates wird 
beschrieben. Eine Photodiode wird als Lichtempfanger beniitzt, wodurch der Auschluss von Fremd- 
licht sehr leicht moglich ist. Das Titrationsgefass kann daher auch wahrend der Titration im offenen 
stehen. Methoden zur Auswertung der Daten werden behandelt und Moglichkeiten unter héchster 
Prazision zu arbeiten sind diskutiert. Die Charakteristiken des Instrumentes werden mitgeteilt und 
Ergebnisse der Priifung von Stabilitat, I mpfindlichkeit und Linearitat werden beschrieben. Einige 


typische Titrationskurven werden gezeigt 


Resumée—Les auteurs décrivent la construction d’un appareil simple titrage photometrique. Le 
récepteur lumineux est un photomultiplicateur dont la conception permet d’exclure facilement la 
lumiére extérieure. Par conséquent, les titrages peuvent étre réalisés, le récipient étant a lair libre 
Les méthodes d’étude des résultats sont discutées, les possibilités de titrage en accord avec la ‘méthode 
de precision ultime”’’ sont étudiées. Les auteurs donnent les caractéristiques de Vappareil, et discutent 
les tests de stabilité, de sensibilité et de linéarité de la réponse; ils donnent quelque t 
présentatives 
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IODOMETRIC DETERMINATION OF COPPER AND 
IRON IN ONE SOLUTION 


\GTERDENBOS and | TELLINGEN 
S 


Summary 


DUCTION 


in the presence of iron!" is usually performed 


by fluoride. Just before the end-point, thio- 
is adsorbed on the Cul-precipitate. 
are obtained.! The reaction between iron!!! and 
The reaction is rather slow, therefore 15-30 minutes 
Alternatively some Cul suspension may be added 
be performed immediately. 
known to the present authors, dealing with the 1odometric titra- 
In both papers iron is masked with fluoride. 


. the solution is acidified, and boric acid is added 

n is titrated as described above. In the first paper, that of 

noted: (1) no thiocyanate was added, and 

of copper were present, not enough Cul was formed for the 

Cherefore a known amount of copper was added before the titration. 

aper by Kinnunen and Wennerstrand,’ deals with the analysis of 

in which the iron-content is low. It is stressed that no thiocyanate 
the copper titration if iron is to be determined afterwards 


thods large amounts of ammonium salts are present before the titration 


first. 5S—10O got (NH,),S¢ Fi are added: inthe second the excess of HN¢ J, 
alloy, is neutralised with NH,OH. 


L t 


EXPERIMENTAI 


~ 


repeated. About 1 mmole of y an 2 mmole 


poor results were obt for iron unless, after 
yed for about | imably this time 


delayed 


were tried to accelerate the de-masking reaction 

Stages of the procedure, replacement of ammonium 

omission Of this Salt (Ss ilphate ion has been reported to slow down the 
id iodide*). However, no improvement was found 

duce the work of Kinnunen and Wennerstrand,* some experiments were 

about 0:25 mmole. Results for copper were slightly 


yn, results were satisfactory, though it was necessary 


§29 





lodometric determination of copper and iron 


r lar 


to wait a few minutes after boric acid was added, before the iron titration was started. For 
amounts of iron, however, poor results were obtained with this procedure 

Another de-masking agent was therefore sought. The stability constants compiled by Bjerrun 

showed that the use of aluminium and thorium might lead to success. Aluminium was selected 


investigation 


PirRATK 1F COPPER-IRON MIXTURES 


(Second series of experiments) 


N thiosulphate 


r copper 


26:02 
26-00 
20-80 


20°84 


0-00 m 


The use 


Stock solutions of copper” % iron were prepared Dy dissolving pure copper in 


by dissolving iron’ oxide p.a. in hydrochloric acid. The concentrations were checked 
and (for copper ynlv) electrolytically, and 

25 ml of stock solution 
Procedure: Twenty-five 1 yf the stock-solut 


with NH,OH; 800 mg ol { added, and, afte re . ate had dissolved, 
1 thiosulphate so n, Sti P vith KIO,. After the starc 


The titration was performed l a 


| 
end-point was reached, 10 n KCNS solution wet the titration was completed 


Then 25 ml of a solution containing 2:2 g of Al, were added. There was sufficient free H¢ 


Some NaHCO, was added to eliminate the influence of oxys 


in the AICI, solution to gi! 
and the mixture was shaket r some min and titrated again with thiosulphate solution 


For copper, from seven experiments, the mean value, standard deviation and confiden 


(x — 0-05) were found to be 269-04 mg, 0:06 0-16 mg) and 268-89-269-18 mg. Fi 

values were 150-5 mg, 0:2°, (~— 0-3 mg) and 150-2—150°8 mg 
second series of experiments was performed in order to investigate the influence of the amounts 
=< c 


Some differences in the conditions, which 


of copper and iron present on the accuracy ol the analysis 


are not believed to have affected the results, were: (1) NH,HF was used instead of KHF,. (2) Because 
first series, 2 g of the masking 


in some of the experiments much more iron Was present than 


agent were added. (3) 40 ml of an AICI, solution containing 1-6 g of Al were used, and as this solution 


was only weakly acid, 10 ml of 5N H,SO, were added. (4) The tron solution was prepared from 


Fe(NO.). and standardised against thiosulphate. (5) The amount of NH,OH necessary to neutralise 
the copper-iron solution varied with the amount of the metals; the NH,-solution was added until the 


blue colour of the copper-ammine complex was just formed. Results of the second series of experiments 


are given in Table | 
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DISCUSSION 
might be expected, results for copper are very good in both series of experiments. 
For iron, the results in the first series seem quite good, although there may be a slight 
rative error 


in the second series seem slightly too high for small quantities of iron. 


rT 


ed by duplicating experiments 11 and 12. These results, were slightly 


land 
and 


0-06 ml respectively. A blank value of 0-02—0-03 ml was found in 

giving a partial explanation of the high results. No further investi- 

eliminate the discrepancy. 

s, it may be concluded that results for copper are very good. 
sults are good. For small amounts of iron the results 


t the error is not more than about 0:5 ° if a blank is subtracted. 


nks to P. J. Elberse for experimental help 


/usammenfassung— K intereinander in einer LGsung jodometrisch 
B rK maskiert. Nachdem wird Eisen mit Alumin- 
lometrisch titriert. Die Ergebnisse sind gut 
Resumé 


l'autre dans une seule solution. D’abord on 


nar | 


' ; } : +] . 
fer est Masque | le fluoride et le iode, 


yhate. Apres le titrage on ajoute de lalumin- 


juelques minutes le titrage du fer est effectué 


FERENC 


Constants he Chemical Society, 





ISOTOPIC DILUTION ANALYSIS BY SOLVENT 
EXTRACTION—III 
HIGHLY SELECTIVE DETERMINATION OF TRACE AMOUNTS 
OF MERCURY 


JAROMIR RUZICKA and JIRi STARY 


Chemistry, Faculty 


Summary— Mercury 
iverage pree sion ol 
The determination of smaller amounts 


specific activity of the radio-mercury emp 
which also form extractable complexes with 
if vi 


CONSISIS ising 


The procedure 


INTRODUCTION 


HE method described in this paper 1s based on variation tn the initial specific activi 


of a tracer, as a result of dilution with the inactive element under investigation. In 


the first paper' of this series the theoretical basis for isotopic dilution analysis by 
extraction was laid down. From this the conditions for the determination o 
number of elements may be derived. As has been shown,’ this method can be used 
for the analysis of trace amounts of an element, by always extracting the same amount 
of this element from solutions of different concentrations. This may be done by 
using a smaller amount of the organic reagent forming the extractable complex that 
would correspond stoichiometrically to the amount of the element present. 

On this basis a highly selective determination of trace amounts of zinc has been 
worked out.’ In this paper the determination of mercury is described in conditions 
previously predicted. In the determination of trace amounts of zinc, selectivity was 
achieved by using the precipitating reagent, diethanoldithiocarbamate. In determining 
mercury by dithizone the presence of a masking agent is not, however, necessary 
since the value of the equilibrium constant for the extraction of mercury dithizonate is 
so high that even a large excess of other metals forming extractable dithizonate 


complexes does not interfere in the determination. 


EXPERIMENTAI 
{pparatus 
A scintillation counter with a well-type Nal[TI] crystal. A mechanical shaker. Glass test 
of 25-ml volume, with ground stoppers 
Chemicals 


Water: Redistilled 
Carbon tetrachloride A.R.. redistilled. 
Dithizone: A.R 
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and 5°, solutions, purified by extraction with a CCI,-dithizone solution 
He .1 46:5 days). The solution of specific activity 30 mC 
ippropriate concentration using 5°, H.SO, solution 
\ ; , re | solution 


was 


o 
5 


a rhis was prepared by dissolving redistilled metal of A.R. purity in 
\.R. HNO 1 diluting to the required concentration using 5% H.SO, solution 


~ 


vercury (10-° to 10-7 g/ml), containing a large excess of 


the same order of magnitude, of radiomercury is added 
| of 10°, NH.OH-HCI are added. (Hydroxylamine is 
vhich may be present, and which would decompose 
by 1-S ml of 2 10-° M dithizone solution in 

fficient to reach equilibrium) the organic phase is 

t is measured by the scintillation counter (A,). At 


radiomercury, 4 ml of 50°, H.SO, solution, | ml of 
NH.OH-H¢ 


f the dithizone solution, is extracted. The activity of 
extra sm ired the same way (A,) 
f no mercul 1ined from the relation 
A 
A 


imounts of 


the same procedure is followed, again adding amounts 


r of magnitude (the most satisfactory ratio of active and non-active 
+} 


s dithizone than corresponds to the amount of mercury present (see Cua, Table 
lute solution of dithizone is used, the solution to be analysed should 


1 smaller amount of sulphuric acid (4 ml of 5% H.SO, solution) is added 


RESULTS AND DISCUSSION 


e results show that the method can be used to determine amounts of 3 10-° 
ml with an average precision of +-0°5°%,, and amounts of 3 10-8 
nl with an average precision of 2:5". The determination of amounts 
of mercury larger than 10~° g/ml is not satisfactory, because in this concentration 
range colorimetric determination can be carried out with good precision. In deter- 
mining amounts of mercury of 10-'’ g/ml the errors of the determination are higher 
(see Table 1). The reason for this was the low specific activity of the radiomercury 
employed. As a result of this, the measured activity was approximately the same as 
the background of the counter. If, however, radiomercury of higher specific activity 
e mercury were used, it would be possible to determine with sufficient 

precision mercury concentrations which were lower by an order of magnitude. 
From Table | it follows that the results obtained are not only precise but also 


iccurate. This is to be seen from low values of the difference o X 


where 


and X is the amount of mercury taken for analysis. 

All stock solutions of active and non-active mercury must contain sufficient 
sulphuric acid (an approximately 5°, solution) to eliminate hydrolysis and adsorption 
on the walls of vessels. 

In this determination even a large excess of metals forming extractable complexes 
with dithizone does not interfere. Nor is the result of the determination influenced by 
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the presence of insoluble chlorides and sulphates of the metals listed. The presence 
of Sn** interferes in the determination by reducing mercury to the metallic state. 

In agreement with theory,’ it has been found that variation of the sulphuric acid 
concentration in the range 1-20", does not influence the extraction of mercury by 
dithizone. 


TABLE | EXTRACTION OF MERCURY BY DITHIZONI 


10 He/n 1 H 


0-00055 


0-000SE 


[he proposed method is very simple and rapid. A single extraction of mercury 
from a solution containing an excess of interfering metals is far more simple than the 


conventional determination of mercury by dithizone. Comparison of our results 


i i 


with data from the literature’ indicates that the determination of mercury 


method is more sensitive (maximum sensitivities of the methods mentioned are given 


in brackets) than determination by flame photometry (10+ g/ml), by the graphite DC 
arc (2 10~° g/ml), by the copper spark (5 lO~° g/ml), colorimetrically (8 

g/ml) or by activation analysis (neutron flux, 10'° neutrons cm® sec, 6-5 1O~? s 

In comparison with activation analysis, the proposed method has the further advantage 
that less complicated instruments are required, and the activity handled is negligible. 
In activation analysis it is often necessary to work with high radio-isotope activities, 


arising from other elements also present in the irradiated sample. 





CONCLUSION 


highly selective method for the determination of trace 


°_1Q “2 Hg/ml. is described. The deter- 
of isotopic dilution analysis using solvent 
suitable for the determination of mercury in 


ight be further increased by using carrier-free 


Zusammenfassung konne 
ehnfach geringere Mengen 


Menger! Var n 


| siikas ott oS he encne . 
quecksicders Zt ICKZUTU . S Die 


Ge 


lle, die ebenfalls Dithizo komplexe 
Is einer einzigen Extraktio1 


Die Methode is empfindlicher 


Resume 
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TITRIMETRIC DETERMINATION OF INDIGO SULPHONATE 
WITH POTASSIUM IODATE 


G. GOPALA RAO and N. VENKATESWARA RAO 
Andhra University, Waltair, India 


1 23 Januar) 196] iccepted 6 Februar) 

Summary—Conditions have been established fo 
sium 1odate at room temperature The titration 
respect to hydrochloric acid. The blue colour of tl 
a clear yellow solution. It has been observed that 
potassium iodate. The re: 
markedly accelerated by cl 
possible in mixed acid media 
The stoichiometry observed 

itrations of indigo sulphonate with potassium permanganate an 


1 obtained for the formation of a new type of iodo deriva 


THE determination of indigo has received considerable attention in view of its commer- 
cial importance. Potassium permanganate has been employed for its oxidimetric 


determination after conversion of the indigo to the soluble indigo sulphonic acid. by 


Rawson,! Bergtheil and Briggs,- Bloxam,? Heinisch,4 Thomson,® Wagner® and others 


] } 


[t is usually believed that in this titration the blue indigo sulphonic acid is oxidised 


to yellow isatin sulphonic acid. Although the amount of potassium permanganate 
consumed in this titration is less than that required by the stoichiometric equ: 

method has still been widely adopted in view of its great convenience. 

solution of indigo sulphonic acid can be rapidly titrated, at room temperature, with a 
dilute solution of potassium permanganate, the colour change from blue (of the indigo) 
to yellow (of the isatin) being sharp. Allen’ suggested that a fairly accurate assay could 
be made by carrying out the titration under a prescribed set of conditions and applying 
a correction factor. Gopala Rao, Venkateswara Rao and Subramanyam® investigated 
the use of cerium!Y sulphate for the titration of indigo sulphonic acid. They observed 
that the reaction is very fast, making a direct titration feasible; the amount of cerium!’ 
sulphate required, however, is less than that required by the equation representing the 
oxidation of indigo sulphonic acid to isatin sulpho acid. Nevertheless, these 
investigators found that if the titration of indigo sulphonic acid is carried out at a 
concentration of about 0-002N with a 0-02N cerium!’ sulphate solution, in 0-5N to 
2-0N sulphuric acid, the correct assay of indigo cou by multiplying the 
experimental value by a correction factor which has an < ige value of 1-16 under the 
conditions. 


Narasimha Sastri and Gopala Rao’ found that, in the presence of oxalic acid acting 


as a catalyst. indigo sulphonic acid is rapidly oxidised by sodium metavanadate when 
; t I I \ : 


1 


present in excess. Although this reaction forms the basis of an indirect method of 
determination, the method is of great value in view of the fact that the reaction is 
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stoichiometric. Gopala Rao and Venkateswara Rao" studied the oxidation of indigo 
sulphonic acid by excess potassium dichromate in a sulphuric acid medium. It was 
observed that the oxidation with 0-025N potassium dichromate proceeds stoichio- 
metrically when the sulphuric acid concentration is below 0-7N. Under these con- 
litions, they found that the assay of indigo could be carried out with great accuracy. 
nvestigated the use of potassium iodate as an oxidimetric reagent for the 

f indigo sulphonate. Indigo sulphonate is only very slowly oxidised by 

ytassium iodate in a sulphuric acid medium, but the reaction ts quite 
oric acid medium. In a 0-5N hydrochloric acid medium, it can be 

) isatin sulphonate in about 40 min when treated with an excess 

at room temperature. In the process, | g mole of indigo 


very nearly 2/3 g mole of potassium iodate his reaction has 


letermination of indigo carmine as follows 


ywed 


to react in 0-5N hydrochloric iwitha 
the blue colour of the indigo gives place to 

th an excess of potassium iodide, which 
1e The liberated iodine is then titrated with 


solution as indicator In th \ v.th " ount 


ro sulphonate is calculated 


presented at the Analytical Congress (1961) 

hemical Society. Continuing the work on the same 
le to establish conditions for the direct titration of indigo 
f potassium iodate at room temperature. The 


C d below 


XPERIMENTAI 


repared from “Baker's Analy- 
+ hydrochloric 
odine flask 


1 the flask is stoppered. The 
is made up to 100 ml by adding distilled 


jium thiosulphate solution which has beer 


rS AND DISCUSSION 


ith Potassium lodate 
1 id Medium 
estigation of the influence of hydrochloric acid concentration on 
reaction has revealed that an increase in the hydrochloric acid 
retards the reaction up to a certain limit, beyond which there is an 


‘leratio The results are given in Table | 


This interesting observation has been utilised for the direct titration of indigo 


mine with potassium iodate. We have found that it is possible to carry out the 


titration in a medium which will be at least 6N with respect to hydrochloric acid at the 
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end of the titration. The blue colour of the indigo disappears sharply at the end-point 
giving place to a clear yellow colour. The titration can be carried out at norma speed 
without any difficulty. Very nearly | mole of potassium iodate is required for each 
mole of indigo. The results are summarised in Table II. Similar results have been 
obtained in titrations conducted in 7N and 8A hydrochloric acid 


TABLE |. 3 ML OF INDIGO SULPHONATE (ABOUT 7:0 

10° °*M) X MI )F CONCENTRATED HYDROCHLORK 

ACID TO MAKE UP THE REQUIRED OVERALL ACIDITY 
10 Mt OF 0-02177N POTASSIUM IODATI WATER 


MAKE UP TO 50 MI 


Overall normality of 


hydrochloric acid 


PHONA MI t Ni 2A D HYDRO- 
UP TO 6N AT THE END < rHE TITRATI 


TITRATED WITH 2 VU or 0-05330N POTASSIUM 


Moles of 


Moles of 


0-02231 0-02 | 
0-02975 0-02984 1-003 
0-03718 0-03713 0-998 
0-04463 0-04423 0-99] 
0-05206 0-05116 0-983 


0-05950 0-O586]1 0-985 


Ave ive 0-995 


A large number of determinations of indigo carmine have been made according to this 
direct procedure. The results given in Table II show that the determination of indigo 


can be made very easily with an accuracy of 0-:2-—1-7 


When indigo carmine is treated with an excess of potassium iodate in 0°5N hydro- 


chloric acid, the number of moles of potassium iodate consumed per mole of indigo is 
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0-619 (nearly 2/3). In the direct titrations carried out at a high hydrochloric acid con- 
centration, the mole ratio is very nearly 1:1. In trying to reconcile the two sets of 
observed that the titration mixture (left after the direct titration) 

compound which is capable of liberating iodine from potassium iodide. 

ation mixture itself does not give a blue colour with starch, it does so 


on of a drop or two of potassium iodide. The amount of the oxidising 
yrmed during a direct titration was determined quantitatively. 


tably diluted so that the acid concentration fell from 6N to 
t excess of potassium iodide. After keeping for 1—2 min, the 
of sodium thiosulphate, using starch as indicator. The 


ration of acid vitiates the titration with sodium 


t 


hat the oxygen equivalent of 1/3 of the 


recoverable in the manner indicated 


New oxidisi gy substance 
formed in terms of 
T 


potassium 1odate 


MOTE 


0-00760 
0-O1L009 
0-01268 
0-01512 
0-01771 
0-02027 


appears that out of the three atoms of oxygen contained in 


‘+, only two are taken up for the primary oxidation of indigo 


the third atom being utilised for the formation of the 


L 


property of liberating iodine from potassium iodide. 


substance does not appear to be iodine monochloride. When 


‘ated with potassium thiocyanate, the following reaction"® 


3 KCNS + 3 ICI-» 3 KCI + (CNS), 


‘action can be tested with starch. Blank experiments by 
have shown that it is possible to utilise this test for the qualitative 
monochloride up to a concentration limit of | ml of 0-005M 

this test is not answered by the solution left at the end of the titration 

ynate with potassium iodate, the authors believe that the new oxidising 

| is iodo-isatin, with the iodine attached to the carbonyl group, and is not 
iodine-substituted isatin, because it is not likely that the nuclear substituted 

isatin can liberate iodine from potassium iodide. It may be conjectured that this iodo- 
isatin may be formed through the medium of iodine monochioride, because such a 


hypothesis explains the catalytic action of chloride ion on the oxidation of indigo 
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carmine by iodate in a sulphuric acid medium, which will be discussed in the next 


section. In this connection it is interesting to note that when solid tsatin is treated with 


iodine monochloride it gives 5-iodo-isatin 


During the primary process of the oxidation of indigo carm by potassium 


iodate, iodic acid may decompose as follows 
lO. 6H 6¢ > 3H,O 


The hydriodic acid (I~ ion) formed this step may undergo further reaction 


iodate in the presence of chloride 1on 


1O,- + 2I- +3 HH —> 31Cl + 3H,O 


The iodine monochloride (1 sulphonate 
sponding iodo-isatin. 


yverall reaction can 


This form of the 10d0-1satin, having 


1aving structure B., as shown below 


B 


lodo derivatives of isatin having structures A or B do not appear to have been des- 
cribed in the literature. 

Thus, of the three atoms of oxygen in iodic acid two are utilised for the oxidation 
of | mole of indigo to give 2 moles of isatin, and the third oxygen atom is utilised for 
the conversion of one of the isatin molecules into N-iodo-isatin. The N-iodo-isatin 
(unlike the nuclear substituted isatin) is capable of liberating iodine from acidified 


potassium iodide. It is perhaps only by this hypothesis that we can reconcile the two 


sets of results: (1) the consumption of three atoms of oxygen (1 mole of potassium 
iodate) per mole of indigo in the direct titration, and (2) the consumption of only two 
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atoms of oxygen (2/3 mole of potassium iodate) per mole of indigo in the indirect 


method of determination with potassium iodate. 


Direct Titration of Indigo Carmine with Potassium lodate 
in a Sulphuric Acid-~Hydrochloric Acid Medium 


An extended study has been made of the influence of sodium chloride and hydro- 
chloric acid in a sulphuric acid medium on the speed of oxidation of indigo with 
| : 


potassium iodate. The results obtained are given in Table IV. 


TABLE IV. 3M F INDIGO SULPHONATI 6-3 ML OF 20N SULPHURIC ACID X ML OF CONCENTRATED 
HYDROCHLORIC ACID OR 2M SODIUM CHLORIDE 10 M~L oF 0-021N POTASSIUM IODATE SOLUTION 


WATER TO MAKE UP TO 50 MI 


Overall concentration Overall concentration 
f hued : ; ' ener ie lime taken for the complete 
’ ydrochloric acid, of sodium chloride, ; 
Vl Vl oxidation of indigo 
nil Very slow 
nil 12 min 
10 min 
14 min 
19 min 
26 min 
33 min 
min 
min 
min 
3 min 
5 see 
Very slow 
15 min 
10 min 
11 min 
18 min 
dye salted out 


dye salted out 


From the results, it is seen that the reaction is quite rapid in a medium containing 
2:56N sulphuric acid and 4:04 hydrochloric acid at the end. Hence, experiments 
have been carried out to see if a direct titration of indigo is possible with potassium 
iodate in such a medium. It was observed that the titration can be performed at 
normal speed, the disappearance of the blue of the indigo being quite sharp at the 
end-point. A large number of titrations carried out in this way show that the amount 
of potassium iodate required per mole of indigo is very nearly | mole. The results are 
given in Table.\ 

In all these titrations, the residual titration mixture is suitably diluted to give an 
acid concentration of | N, and treated with a sufficient excess of potassium iodide, the 


liberated iodine then being titrated with a standard solution of sodium thiosulphate, 


using starch as indicator. Such experiments have shown that the amount of iodine 


liberated corresponds to 1/3 of the amount of potassium iodate consumed in the 
direct titration. In view of these findings, it is considered that the mechanism of the 
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oxidation of indigo sulphonic acid in a mixed acid medium is similar to the one pro- 
posed for the reaction in a 6N hydrochloric acid medium. A comparison of the 
results in Tables II] and V shows that titrations of indigo sulphonate in a 6N hydro- 
chloric acid medium give results lying within 0-2%, to 1-7%, of stoichiometry as com- 
pared with a variation of 1-3 °% to 2-0 shown by the results of experiments in a mixed 
sulphuric-hydrochloric acid medium. The stoichiometric relationship observed in 
these iodate titrations is in sharp contrast with the titrations of indigo sulphonate with 
potassium permanganate or cerium!’ sulphate, which give values deviating rather 


widely from the stoichiometry. 


TABLE V. X ML OF INDIGO SULPHONATE (ABOUT 7:0 10-°§M) THE REQUISITE 
VOLUMES OF CONCENTRATED HYDROCHLORIC ACID AND 20N SULPHURIC ACID TO 
MAKE UP TO 4N AND 2°:5N RESPECTIVELY AT THE END OF THE TITRATION. THI 
MIXTURE IS TITRATED WITH 8-882 1( Vor 0-0533N POTASSIUM IODATI 


SOLUTION ; TOTAL VOLUME AT THI THE TITRATION IS ABOUT 50 MI 


Potassium iodate con- 
Indigo taken, Potassium iodate consumed, 
; ‘ sumed per mole of 
millimoles millimoles , ' 
indigo, moles 


0-02231 0-02203 0-98 


0-02975 0-02931 0-985 


0-03718 0-03659 0-984 
0-04463 0-:04378 0-981 
0-05206 0-0511 

0-05950 0-05828 0-980 


6 O-983 


0-983 


Zusammenfassung—Bedingungen wurden gefunden, unter denen Indigosulfonsaure mit Kaliumjodat 
bei Zimmertemperatur direkt titriert werden kann. Die Titration wird in einer | Osung durchgefiihrt, 
die 6-8 n in Salzsaure ist. Die blaue Farbe des Indigo verschwindet im Endpunkte sehr scharf und 
eine gelbe Ldésung hinterbleibt. Ein Mol Indigo konsumiert ziemlich nahe ein Mole Kaliumjodat 
Die Redoxreaktion ist sehr langsam, wird aber durch Chloridionen erheblich beschleunigt. Die 
direkte Titration ist auch in einem Medium von Salz- und Schwefelsaure von geeigneter K onzentra- 
tion mdglich. Die St6chiometrie dieser Titration ist in striktem Gegensatz zu der in det Indigobes- 
timmung mit Permanganat oder Ceritsulfat gefunder en. Evidenz existiert fiir das Auftreten einer 
neuen Jodverbindung des Isatinsulfonats wahrend des Ablaufes der Redoxreaktion. Die neue 


Verbindung ist imstande Jodid quantitativ zu Jod zu oxydieren 


Résumé—Les auteurs ont mis au point les conditions de dosage direct de l’acide indigosulfonique par 
liodate de potassium a la température ambiante. Le titrage peut €tre réalisé en milieu acide chlochy- 
drique 6-8 N. La couleur bleue de l’indigo disparait nettement au point equivalent, donnant une 
solution jaune clair. Une molecule-gramme d’indigo consomme trés approximativement une molécule- 
gramme d‘iodate de potassium La reaction du sulfonate d’indigo sur liodate de potassium est tres 
lente, mais elle est accélérée notablement par Vion chlorure. Le titrage direct du sulfonate d’indigo 
est aussi possible dans un milieu acide mixte contenant les acides sulfurique et chlorhydrique a des 
concentrations convenables. La stoechiométrie observée dans ces titrages est en contraste frappant 
avec les écarts mentionnés dans les titrages du sulfonate d’indigo par le permanganate de potassium et 
le sulfonate cérique. Les auteurs ont obtenu la preuve de la formation d’un nouveau type de dérivé du 
sulfonate d’isatine dans la réaction du sulfonate d’indigo et de liodate de potassium. Le nouveau 


sulfonate diodoisatine est capable de libérer quantitativement liode de Plodure de potassium. 
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POTENTIOMETRIC DETERMINATION OF TITANIUM" 
WITH VANADIUM" 


V. S. R. Murty and G. GopaLaA RAO 
Andhra | niversity, Waltair. India 


Summary—Conditions have yf 
with vanadium!» st in < hvdrochlor ’ medium and a carbon dioxide 
tr } 


room temperatu - pot iaiS ala ignt plat im-wW iectrode Nave dee 


ttain stable values withu min alter 1 a ition ac! tion of the vanadium 

ration mixture c 1 of 0-06M to 

e absence of oxalic acid the potentials show considerable 
| 
al 


but their action Is not s 


acids also exert some beneficial effect 


\ 


Jones and Colvin! calculated the standard potential of the V*'/V!! couple to be 
0-337 V at 25°. Syrokomskii and Avilov- determined the formal potential of this 
system in dilute sulphuric acid as +-0°359 \V 0-002 V. The potential of the Ti!¥/Ti! 
couple in 1M hydrochloric acid is reported to have a value of —0-09 V by Lingane.* 
In view of the sufficiently wide difference in the potentials of the vanadium!‘ 
vanadium!!! and titanium!’/titanium!! couples, the following reaction 


j 


expected to take place in acidic media at room 


vi\ 


We have, therefore, attempted the potentiometric titration of titanium!!! with vana- 


dium! sulphate solution in a 1-0N hydrochloric acid medium litration was not 
possible because of the difficulty experienced in the attainment of stable potentials at 
the platinum indicator electrode after the addition of each portion of the titrant. 
However, the addition of sufficient acid was found to produce fairly stable potentials 
even at room temperature. Consequently, it was found possible to carry out the 


rapid potentiometric titration of titanium!” with vanadium!’ sulphate solution in a 


|-ON hydrochloric acid medium, in the presence of oxalic acid. The visual titration of 
-J 


titanium!!! with vanadium! using phenosafranine, safranine-T and neutral red as 


internal indicators was not successful. Although the reduction of the indicator by 
titanium!!! was rapid in the presence of oxalic acid, the oxidation of the reduced 
indicator by vanadium!’ was very slow, with the result that the end-point was 


OV erstepped. 


EXPERIMENTAI 


j | ] m h r > n Taetall > , ' r 
Titanium solution The sample of titanium chloride solutiot ny loved in this investigation 


{ 


nt quality supplied by May & Baker, London. It was tested and found to be 


was of analytical reage 
free from iron A 0-05N solution of titanium!!! in 2N hydrochloric acid solution was prepared from 
this sample and stored in the customary manner in an atmosphere of carbon dioxide. It was stan 
dardised by adding an aliquot volume to an excess of iron!!! alum solution and titrating the iron 


formed with standard potassium dichromate solution, using diphenylbenzidine as internal indicator 
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TET Vanadium!’ sulphate was prepared by reducing the requisite quantity of 
adate (AnalaR, B.D.H.) with sulphur dioxide, removing the excess of sulphur dioxide 
by passing ¢ lioxide. and diluting the to give an approximately 
0-05N so strength { lution was also checked by titration with standard potassium 


immon 


solution to a known volume 


perma! 








of carbon dioxide. A bright platinum wire 
ndicator electrode, a saturated calomel electrode 
the cell were connected through a saturated 
neasured using a Cambridge potentiometer graduated 
ilvanometer! rhe titration mixture was stirred with the 


RESULTS AND DISCUSSION 


The potential 


s were not found to attain steady values rapidly after the addition of 
Curve | in 


each portion of the vanadium! solution but showed considerable drift. 
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Fig. | was plotted using potentials recorded after waiting for an arbitrary period of 
3 min. From the shape of the curve it is evident that the equivalence point in the 
titration cannot be ascertained. In this connection, it is interesting to note that 
Kolthoff and Tomitek* observed that the theoretical equivalence point was not 
obtained for the second stage in the potentiometric titration of vanadium’ with 
titanium!!!; this corresponds to the reduction of vanadium!’ to vanadium!!! by 
titanium!!!, They found that this second stage of the titration was improved when 
carried out at 50-60" in the presence of Rochelle salt. Hence, we carried out titrations 


of titanium!!! with vanadium! in the presence of citric, tartaric, malic and oxalic 





ei 
~ 
— a 
~ 
* 





ition of oxall 


sulphate, in 1:ON HCI at 2 

0:04863N vanadium 
E—V curves in presen 

] 0 ISM oxa 
2. 0O-10M oxa 
0-06M oxa 
4. 0:03M oxali 
5. 0-O1M oxal 


acids. Curves 3, 4 and 5 in Fig. | were obtained for the titration of titanium!! with 
vanadium!Y in IN hydrochloric acid, in the presence of 0-1M citric, tartaric or malic 
acid. Even in these titrations the potentials were found to drift with time, but they 
attained moderately stable values 3 min after the addition of each portion of the 
vanadium! solution. These curves show that the presence of these acids produces 
some improvement in the titration in the order, tartaric acid citric acid malic 
acid. The improvement even with tartaric acid is not, however, sufficient for a rapid 
titration to be conducted at room temperature. Addition of oxalic acid produced 
fairly constant potentials within | min. Curve 2 in Fig. | was plotted using results 
obtained in the presence of 0-1M oxalic acid, and this curve shows that a rapid and 
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titanium!!! with vanadium! 


" IS possible at room temperature. 


ilent point has been observed to be about 120 mV for 


ic acid on ourse of the potentio- 


titrations a 


Good ire possible at all 


1 
i concentration 


experiments 


he recommended procedure is capable 


Zusammenfassung 


Titan 
\ Kohlendioxydschutz und 
iss das Potential an einer bla ken Platin- 
smittels stabil ist, wenn die Lésung etwa 
Oxalsaure zeigt die Potentialeinstellung 
iensdure haben eine 


l 


stabilisierende Wirkung, 
Die beschriebene Methode ist 


isches Titrationsmittel verwendet wird 


der Oxalsdure 
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Résumé—Les auteurs ont mis au point les conditions du dosage du titane(III) par le sulfate de vana- 
dium(IV) en milieu acide chlorhydrique N sous atmosphere d’anhydrique c irbonique a la tempera- 
ture ambiante, le point equivalent etant determine par potentioméetrie. Ils ont trouvé que les poten- 
tiels a une electrode de platine poli atteigr és addition 
de chaque portion de la solution de sulfate 


oxalique a une concentration globale de 0,6 


k,! . n ‘ > la TY ~ 
considerabDiement avec ie temps Les 


favorable, m 


c, al 
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SHORT COMMUNICATIONS 


Spectrophotometric study of the complex of lanthanum and alizarin Red S 


r 1960. Accepted 7 January 1961) 


ave been investigated by many workers: Rinehart 
nation of some rare earths and yttrium with this compound 
sorted spectrophotometric studies on the complexes of the organic 


rey 
* They concluded that the alizarin Red S 


yttrium, and lanthanum 
ratio ol 1 in 60 acetone solution 


mole 


iqueous solution have generally been established 


{ of continuous variation,® or the slope ratio method 
omplex of lanthanum and alizarin Red S is La [Aliz.],; for the 
hod, based on the determination of the molar 


together with the slope ratio, 


R, to form a coloured complex, the 


n 


~ MR, (1) 


and that of M, [Ml], is varied, and if is the 
en wavelength, [M] is the initial molar concentration 


nd suffixes c and r relate to the coloured complex and 


»)[M] 


on Is kept constant, and that of the organ 


Slope ol (2 
Slope ol (3) 
value for %, a value for , and the slope ratio, 4, may be obtained experi- 


of n may therefore be determined 


Results and Discussion 
Absorption spectra for the solution of lanthanum and alizarin Red S, when the initial concentra- 


tion of alizarin Red S was held constant and that of lanthanum was varied, are given in Fig. 1. It 


55? 
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7ion obeys Beer’s 


y be calculated. 


4oured con 


EXPERIMENT 


Spectrophotometric measurements re made with a HITACHI spectrophotometer Model 
. 


EPU-2 using a l-cm transmission cell. TOADENPA Model HM-5 was used forthe pH measurements 
Rea ens 
{ / d l )} Prepa ed by dissolvi lic reagent (1 
grade purity) in acetic acid-ammonium acetate buffer solut! 
Lanthanum solution A known weight of lanthanum oxide (99.9 Johnson Matthey Co., Ltd 
Hatton Garden, London) was dissolved in hydrochloric acid 


Buffer solution 


solution 


Acetic acid-ammonium acetate mixtures were used for controlling the pH of the 
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Working curve for alizarin Red § in acetate medium (pH 4.6) 





Short communications 


Rinehart 
For 
added to t 


acid or sod 


> 4/4 
lort 
t€Ci 


Tok al, 


Depa ment ¢ try ARUNO OGAWA 
Tokyo Kyoiku Universit HIROSHI HAMAGUCHI 


Koishikaw 


Summary—The complex of lanthanum with alizarin Red in acetate medium has been 
spectrophotometrically since it appears to be promising for letermination of 
in radioactivation analysis of rare earth elemer tT a uffer) t molecular ratio 


lanthanum: alizarin Red S is | 


Zusammenfassung—Eine spetralphotometrische Studie des Lanthankomplexes von Alizarin Rot S 


ergab dass bei pH 4,6 (Acetatpuffer) das Verha a:Farbstoff gleich 1:2 ist 


Résumé—D’aprés une étude spectrophotométrique du complexe formé entre le lanthane et le rouge 


alizarine S, les auteurs concluent que, en milieu acétate de pH 4,6, ce complexe existe dans le raport 
| 5 


molaire La/rouge alizarine S 
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Sur un principe de colorimetrie en milieu non aqueux—lIl 


Emploi du bromure de p-nitrophénacyle pour | identification et le dosage 
des acides carboxyliques 
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Short communications 


dans l’acétonitrile*. Apres repos de dix minutes a température ordinaire, on ajoute 5 cm® de diméthyl- 


sulfoxyde puis, apres cing minutes de contact, 0,5 cm* de diéthylamine. Lecture immédiate a 550 my 


Centres de Recherches Roussel-l claf JAROSLAV BARTOS 
Paris, France 
j 


lilieu non aqueux des groupes hydroxyle, 


Résumé—En complément des tests d’identification n 


carbonyle et amine primaire, precedemment decrits (‘bid., 1960, 5, 216), il est possible de caractériser 


les acides carboxyliques sous forme d’esters de p-nitrophénacyle. Ces esters dé eloppent en effet, 


Sans extraction ni élimination de l’excés de réactif, une coloration avec la diméthylamine lorsqu’on 


opere dans un mélange d’acétonitrile et de diméthylsulfoxyde. Des dosages peuvent étre effectués 
sur des prises d’essai de l’ordre du centiéme de milligramme 
: 


Summary—Supplementing the identification tests 


On-aqueous medium fi ivdroxyl, carbonyl 
and primary amine groups, already described (Talanta 1960, 5, 216) it is ible to characterise 


carboxylic acids in the n of the p-nitrophen 


excess reagent velop a ur with dimethylamine when treated 


icy tel - sters, without the necessity for 


Zusammenfassung—Teste zu! hizierung von lroxyl- Carbonyl- und ] Aminogruppen 
in nichtv rigem Medium wurden bereit schrieben ( 7alanta | Sy 2 reanzer 
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Aplicaciones analiticas del AEDT y similares. | 


60. Pp ) $10.00 


A\DTI inglaublichem Masse 


erussenswert, dass sich die 


Klassif 


trauter mancl 
nklatur, Symbole 
den Zeichen einfach gema 
echselweise Stabilitats- oder Dissoziations- 
Faktoren zur Berechnung der scheinbaren 
A bbildungen 
wahllos als sorption, Optische 
ch bald von unten 
sind 1 Kiein 
we Druckfehler wirken 
Der Titel des 
\lages) ein 


Abfassun 


o 
~ 


Gesamtanlage des Buches jedi ch keinerlei 


n sondern wird in Kurze sicherlich 


H. FLASCHKA 


Advances in Polarography (Proceedings of the Second International Congress held at Cambridge, 1959). 
t ) lit by IAN S. LONGMuIR. Pp. 1204 


Pergamon Press (Oxford, London, New 


three volumes of about 100 papers presented at an international Congress of 
n Cambridge in August 1959. The collection of papers by authors of many 
ly representative of current thought in the many different fields of polarography. 
by the editor, the assignment of the papers to particular volumes is difficult because 
f the subject matter. However, the first volume appears to be concerned mainly with 
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papers which deal with developments in new polarographic apparatus, fundamental theory and 
instrumental techniques. The second volume deals mainly with lications, including 
some fundamental studies, and the third volume comprises more amental studies and applica- 
The Congress was held to honour the 70th birthday of Professor Heyrovsky and he is the contri- 
raphy. During the past few years the Polaro- 


butor of the first paper entitled Oscillographi« 
phic Institute in Prague has made a special study of oscillographic px 


era 
results of their work on this subject have been published in German; 
fore particularly welcome rhe various aspects « 


well represented in these volumes and there are 
instruments and techniques, papers appear on wh 
polarographic kinetic currents in Volume 2 a1 

polarographic reduction of the sing 
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eraphy 


ve been worthwh 
YOK Part 1N GISCUSS! 
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NOTICES 


CANADA 


rence of the International Union of Pure 


, > » spre) ne j , , 
national Congress of Pure and Applied Chem- 


GERMANY 


Wed) iy—S $16 June 1962: Analytical Chemical Division, Gesellschaft Deutscher 


Chemiker Gas Chromatography Discussion Group, Hydrocarbon Research Group of Institute of 


Petroleum: / ] natography and Fort 


[ ean f 
pe pers prese 


aphy. They 


DEUTSCHE DEMOKRATISCHE REPUBLIK 


Vontag 30 O / az 4 November 1961: Institut fiir physikalische Stofftrennung der Deutschen 


I 


Akademie der Wissenschaften zu Berlin, Leipzig (DDR), Permoser StraBe: Internationale Arbeit- 
{ y I y | I 1 ] ( f 4 {nalyse 5 i SUTU] 1 ph ikal ld Chenusci 


ia 


Viontag-M ) 1961: Deutsche Akademie der Wissenschaften, Sektion fiir 
Physik, Unterkommission Leuchtstoffe: igung, Thema Physik und Chemie der Kristallphos- 


Vortrag m« ? Wel I ,and utsche Akademie der Wissenschaften zu Berlin, 


sekt I \ ‘ I comn 101 ichtstofl I W 8, Otto-Nuschke-Strabe 


HUNGARY 


lytical Chemistry held in Buda-Pest on 24—29 April, 1961, Professor R 
nd Professor I. P. Alimarin were invited to Prague as guests of the 


Society gett vith Dr. R. A. Chalmers of the University of Aberdeen 
y ata morning seminar of the Czecho- 


tney read snc various ispects Ol analytical chemistry 
slovak Chemical Society in the Lecture Theatre of the Czechoslovak Academy of Sciences 
In the evening, a small dinner-party was held in honour of the visitors The guests were Professor 


R. Belcher, President of the Analytical Chemistry Section of IUPAC, Professor L. Gordon, Secretary 
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of the Analytical Chemistry Section of IUPAC, Professor I. P. Alimarin, member of the Analvtical 
Section Committee and Dr. R. A. Chalmers, University of Aberdeen. Their hosts were Dr. G. K6rbl. 
Professor F. Cuta, Dr. and Mrs. R. Pfibil, Dr. and Mrs. J. Zyka 


After the Dinner, the following toast to the guests was made by Professor Cuta and it was thoug! 
to be of sufficient interest to be reproduced here 


Our dear guests, 
I take the liberty to express my hearty thanks to you from the Czechoslovak Academy of Sciences 


t 


and from the Czechoslovak Chemical Society for your delivered lectures in which you brought us in 


the fields you were interested in. Instead of going directly back to your home-countries from Hungary, 


you decided to spend with us your precious time not speaking about the toil accompanying it 
We appreciate very much your staying with us because we are not having much opportunity 


come in deeper contact with authorities and famous workers in different branches of Science 
[here exists a language barrier acting like a membrane among different phases preventing their 


! ? ny | > + > + h, “ } 24 - . 
particles to get into a closer contact in order to share their properties. We do not want, however, to 


stay asa separated phase, as it is done in analytical procedure, when performing separation prior to 


determination. We wish to be active in this process, we wish to be estimated rather by the activity 


than by the separation 
We would like, the forces working in the analytical process for separation of the components of a 


substance to be analysed, to act just in the opposite way, than we are using them in analytical chem- 


istry. That is to act for the unification of the phases to help them distributing their energies, to enable 


their particles, to cooperate each with 
This is the reason why I take the liberty drink the toast to our cooperation not only in the 
science of analytical chemistry, but also in the mutual understanding and friendly relations between 


us and between our own countries. I drink the toast also to your health 


UNITED KINGDOM 


Monday-Thursday 9-12 April 1962: Feigl Anniversary Symposium. Birmingham, England 
An International Symposium on Analytical Chemistry, sponsored by the Midlands Section of the 
Society for Analytical Chemistry, will be held in honour of Professor Fritz Feigl to commemorate 


his 70th birthday. Further details will be announced later 


Symposium Secretary: Mr. M. L. RICHARDSON, c/o John and E. Sturge Ltd., Lifford Chemical 


Works, Kings Norton, Birmingham, 30, England 


B.S.I. News announces the following new British Standards: 

B.S. 3338 Methods for the sampling and analysis of tin alloys 

Part 3: 1961: Determination of antimony in ingot tin (photometric method). This specifies reagents 
required, recommended methods of sampling and test procedures for the determination of antimony 


in ingot tin having an antimony content up to 0.25 (Price 3s.) 
Part 4: 1961: Determination of copper in ingot tin and tin-lead solders (photometric method). This 


specifies reagents required, recommended methods of sampling and test procedure for the determina- 
tion of copper in ingot tin and tin-lead solders having a copper content from 0.01 to 0.4 (Price 3s.) 


Part 5: 1961: Determination of lead in ingot tin and tin-antimony solders (photometric method). 
This specifies reagents required, recommended methods of sampling and test procedure for the deter- 


mination of lead in ingot tin and tin-antimony solders having a lead content up to 0.9%. (Price 3s.) 


Part 6: 1961: Determination of copper in high purity ingot tin (photometric method). This specifies 


reagents required, recommended methods of sampling and test procedure for the determination of 


copper in high purity ingot having a copper content up to 0.04%. (Price 3s.) 
Part 8: 1961: Determination of bismuth in ingot tin, tin-lead solders and white metal bearing alloys 


(photometric method). This specifies reagents required, recommended methods of sampling and test 


procedure for the determination of bismuth 1 
alloys having a bismuth content up to 0.12%. (Price 3s.) 


1 ingot tin, tin-lead solders and white metal bearing 
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UNITED STATES 


American Crystallographic Association: S 


Denver Research Institute: 
Hotel, Denver, Colo 


Society for Applied Spectroscopy, 


( 


Rocky Mountain Section: 
Denver 


American Chemical Society: 


, | 
, iectroanaiyticai che 


D VISIOT 
d cellulose der 


st of a workshop on 
I 


Extension Service Pharmacy and The School of 
Pharmacy, University of Con ice on Pharmaceutical Analysis. King’s 
Lan 


sia on fluorometric analysis and gas chromat graphic 
these subjects being covered. There will also be a 


spects of pharmaceutical analysis and control 


rom R.S. STROMEN, Pharmacy Building, University of Wisconsin, Madison, 
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196] 
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CONTRIBUTIONS TO THE BASIC PROBLEMS OF 
COMPLEXOMETRY— VI* 
THE MASKING OF TERVALENT CHROMIUM 


RUDOLF PRIBIL and VLADIMIR VESELY 


Summary 


nickel 
The s 


THE selectivity of com xon ic methods cat » markedly increased | nasking 


other accompanying ele 
reagents may be 
and possibly solu 
towards indicators 
bivalent cations.’ Subsequently triethanolamine was found to be suitable for masking 
iron and aluminium :* , thioglycollic acid* for masking lead, copper, zinc, 
et Aluminium, and, at the le time, calcium 1 magi m, are very 
masked by ammonium fluoride her masking reagents may be mentioned, st 
thiourea for copper,° 
suitable combination hese reagents allows an exte 1 of the possibilities of 
complexometry, especia 

ming tendency, 


nm mia . I> nt matt 
OTMDPIeAeS INCCCIILLY a method Was 


developed for n 1g moderate concentrations of manganese 


Likewise, the determinatio1 f chemically related cations, sucl Co—N1 or 


ROW ISC, L I i 


Zn—Cad, is difficult because of the lack of c masking re 


, . , , , , ' 
One of the elen ni r 1 n ul Me Ing av t as Yel Cl 


*n found is 
tervalent chromium ugh m thé ts transformation into chromate 
would be helpful in, for example, the determinati alcium, provided that the 
indicator used is sufficiently stable against oxidation | hromate. In solving this 
problem, > has to keep in mind the probable se coloration of the complexes of 
ervalent chromium 

end-point of the titration 

The behaviour of triethanolamine. 


agents for chromium, has been examined. xperiments 
together with the masking of chromium as chromate are 


EXPERIMENTAL AND RES| 
Reagents 
EDTA solution, 005M, was prepared by d ing 37-22 g of reagent-grade CHELATON 3 


(Chemapol, Prague) and diluting to exactly distilled water f necessary, the solution can 


* Part V—Rudolf Pribil and Vladimir Vesely, Talanta, 1961, 8, 27 
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against lead nitrate by an EDTA titration, using Xylenol Orange as indicator. 
hloride, calcium chloride, nickel nitrate, potassium chromium sulphate, manganese 
assium dichromate (0-025M) were prepared by the usual methods and 
ivimetrically or by EDTA titration 
Iphtalexon (Chemapol, Prague) in a triturated mixture with potassium nitrate 


1e, ascorbic acid, and solutions of 1M HCl or 


n it 
| urily 


(TEA) 

t chromium with triethanolamine is reliably formed under 
il of chromium salt solution are mixed with concentrated 
By boiling, previously precipitated chromium 
The mixture of ammonia and 
ipitates chromium hydroxide but this dissolves 
nd then slowly and not quantitatively. The 
ts, obscures the end-point detection when 
tc. are used. It is therefore necessary to 

nts should be added in the order described 


ly alkaline solutions the Fe-TI A-complex 1S 


nd its solution can be diluted to such an 
th the colour change of the indicator in a calcium 


> determination of calcium in synthetic mixtures of 


solution (in a 500- or 750-ml tall beaker) containing not 

30 ml of concentrated ammonia and 10 ml of concentrated 

xture of both reagents, are added. The whole is heated to boiling for 10 min. 
solution in excess 1 and the previously precipitated calcium carbonate is 
) The solution is only slightly violet when 

after long boiling, the solution is not alkaline enough, a 
g of indicator are added and the solution is 

1 persistent blue-violet colour. The solution must be 
rhe colour change is sufficiently sharp if the 


500 ml of the titrated solution. Some results 


MASKING OF CHROMIUM WITH TRIETHANOLAMINE, 


DETERMINATION OF CALCIUM 


0-05M 0-05M Ca found, Difference, 
EDTA, ml CaCl,, mil me meg 


10-04 5 0:96 10-01 0-03 
20-08 2 1-95 19-96 0-12 
40-14 4°§ 4-93 39-87 0-20 
2-00 é 3-9] 0-11 
2-00 | 0-96 . 0-05 
10-04 4-96 . 0-08 
4-01 7-99 3: 0-13 





+ I 
“ The masking of « Aromium with asc orbic acid 


he solution of the chromium salt, in the presence of ascorbic acid, is precipitated with ammonia. 


After sufficient boiling, an apparently stable complex of tervalent chromium is formed. Such solutions 
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do not react further with ammonia, interfere with the indicators 
luis! tha 


used 

1 s& + Pn} » 4 +1 van + ter 

1-green, is relatively) t S50 mg of chromium 00 ml have no influe 

he indicator. Th nasking c sed for the determination of 

yece ar nickel in tl 
CSC Ol NiICKC! i tne 


> presence Of chrol 


To 50-100 ml of slightly 


—S 
and the whole 
followed b 


Ca Dy 


th 0:05M 


agicator 1m 


ask iron and alumin 


-rvalet n ar studied, the com- 
plexation with ascorbic acid is th 


he most suitable. This procedure 1s simple and more 
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nasking with triethanolamine. The emerald-green complex which is 


» sligl acid solutions of chromium with excess of ascorbic acid 


complexometric titration, provided that the 

t exceed 50-55 mgin 500 ml of the titrated solution. 

iscorbic acid has no effect on the colour change of 

iplex-forming reagents such as triethanolamine 

xation of chromium, offers further possibilities; 
manganese or calcium in the presence of 


rried out. The whole problem is being 


‘practical utilisation. 


Zusammenfassung Be inge Maskier gy VK ireiw tigel rom wurden studiert 
rria \ iure \DTA werden a askierungsmittel verwendet Ascorbinsaure 
Nickel, Mangan 


Verwendungs- 


Resume 
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THE DISTRIBUTION OF VANADIUM BETWEEN 
ALCOHOLIC- HYDROCHLORIC ACID SOLUTIONS AND 
THE STRONGLY BASIC ANION-EXCHANGER DOWEX—I 


SEPARATION OF VANADIUM AND NICKEI 
FROM IRON AND COPPER 


JANAUER and J. KORKISCH 


rsity of Vien 


Summary le present wa ned to furni lata about the adsorption behaviour of van- 
adium inalcoho! aliphat ,employing the strongly basic anion-exchanger Dowex-1, X8 as 


{ r} nt } tr t n t f 1 ave » . terr ne I ' } 
an adsorbent stridut ern its T¢ Vanadium Nave Deen determined ivdrochloric acid 


solutions containing varying amounts of alcohols of the aliphatic series. In addition, some distribution 


ned. Based on results, a method for the 


coelncients 
separation of vanad 1 and om Iron and Cé 


developed 


pper by means of a column operation was 


EXPERIMENTS carried out by Kraus, Nelson and Smith! showed that vanadium is only 
very weakly retained from hydrochloric acid solutions on strongly basic anion- 
exchangers, which means that the tendency of vanadium to form negatively charged 
chloride complexes is rather low. We therefore have tried to apply here the same 
principle which has been used earlier® ° with uranium, thorium, zirconium and titanium 
i.e., application of the stabilising effect of organic solvents (alcohols) on the inorganic 
complexes of these elements. As can be seen from the experimental results recorded in 
this paper, the distribution coefficients of vanadium, and hence the stability of its 
chloride complexes even in alcoholic media, are rather low, except at very high alcohol 
concentrations, especially in the iso-alcohols. In general, the distribution coefficients 
increased with increasing chain length of the alcohols examined. Since nickel! shows 
nearly the same adsorption behaviour as vanadium, whereas copper and iron have, 
under the same conditions, much higher distribution coefficients, the separation of 


these two pairs of ions from each other was possible. 


EXPERIMENTAI 

Solutions and reagents 

For the determination of the distribution coefficients in mixed hydrochloric acid-alcohol solutions, 
the air-dried, strongly basic anion-exchanger, Dowex-1, X8 (100-200 mesh, chloride form) was used 
Solutions of 1-12N hydrochloric acid, and a number of aliphatic alcohols, viz methanol, ethanol 
(95%, ethanol containing 5°, of gasoline is arbitrarily taken as 100% ethanol), n-propanol, n-butanol, 
isopropanol, isobutanol, ethylene glycol, all chemically pure, were employed 

Vanadium’ solutions were obtained by dilution of a spectrophotometrically tested standard 
vanadate solution prepared from a weighed amount of ammonium metavanadate r.g. (Merck), and 
0-005N hydrochloric acid. Ascorbic acid r.g. (Wiener Heilmittelwerke) was used to reduce vanadium 


to the quadrivalent state 
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ron were pre pared by dissolving weighed amounts of the 


of suitable normality. 
spectrophotometrically 
Grey* (0-01 iqueous solution)*:? 
ibsorbance measurements were carried out in 
be. The column operations were carried out in 


bed earlier 


vanadiuin 


were carried 
solution was 

inic matter 

d the solution was 
hydrochloric acid, 
fl sk, 

s solution 0-1 ml of a 


were added 


101 concentration on the distribution coefficient 


Blackley, Manchester, ‘ 





Separation of vanadium and nickel from iron and coppet 


Kg 


coefficient, 


The curves show that the adsorption of vanadium on the resin is highest in a butan- 
olic and lowest in a methanolic medium. By using 1, 6 and 12N hydrochloric acid, 
identical curves were obtained. In branched chain and multivalent alcohols the distri- 
bution coefficient is much higher, as can be seen from the results recorded in Table I, 


which also shows the distribution coefficients of copper, nickel and iron in a 10:90 


(V:V) 6N hydrochloric acid:methanol mixture, which proved to be most suitable for 


the separation of vanadium and nickel from iron and copper. 


TABLE I. 


Normali HCI:ROH 
Ion used sere ROH 


ol acid 


VV 1-12 99 isopropanol 
1-12 99 isobutanol 
1-12 1:99 ethylene glycol 
10:90 methanol 
10:90 methanol 
10:90 methanol 
10:90 methanol 








To show the effect of the chain length of the n-alcohols on the adsorption of 
vanadium’ and vanadium!’, the distribution coefficients of vanadium in 6N hydro- 
chloric acid (1 %):alcohol (99°) mixture were plotted against the chain length (see 


Fig. 2). 
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vanadium (1-12N hydrochloric acid) 


nickel (12N hydrochloric acid) 





Separation of vanadium and nickel from iron and copper 


From this it is evident that the distribution coefficients of quinque- and quadrivalent 
vanadium increase almost linearly up to n-butyl alcohol. Since the isopropyl and 
isobutyl alcohols proved to give the highest distribution coefficients (see Table 1), the 
adsorption behaviour of vanadium’ in isopropanol-hydrochloric acid (I-12N) mix- 
tures of varying percentages was examined. The results of these experiments are 
shown in Fig. 3. 
rhe curve for vanadium in Fig. 3 holds for the entire pH-range from |—12N hydro- 
ic acid. Nickel in mixtures of 12N hydrochloric acid-isopropanol shows a 
slightly smaller adsorption (see dotted lines in Fig. 3). The origi f the co-ordinate 
system in this figure as well as in Figs. 1-2 corresponds to 100%, aqueous phase i.e., 
hydrochloric acid of the normality stated for the mixtures. (Fig. 1, 1, 6, and 12N: 
1-12N) | 


nd iron 


‘cords the results of a series of experiments which show that the separa- 
tion of vanadium and nickel from small amounts of copper and larger amounts of iron 
is quantitative, as expected from the distribution coefficients given above. Since the 
distribution coefficient of copper in the mixture used the column operation i.e., 


90:10 methanol:6A I 1, is not very high (see Table I), quantitative 


coppel! ynly possible if relatively small amounts (up toa ten-fold 
of 


} 
I 


-paration fro 
, 


m 
amount in respect inadium or nickel in the microgram range) are present; whereas 


iron may be tolerated up to milligram amounts. 


TABLE II 


recovered 


| 


10-000 
10-000 
10-000 
10-000 
10-000 


10-000 


An application of this separation method has proved to be suitat 


r > 


tion of vanadium and nickel in ashes of oil products.’* 


Zusammenfassung—In der vorliegenden Arbeit wird das Adsorptionsverhalten von Vanadium am 
tark basischen Anionenaustauscher Dowex | in Mischungen von Salzsaure und aliphatischen Alko- 
hrieben. Verteilungskoefficienten fiir Vanadium, Nickel, Ku pier und Eisen werden ange- 
geben. Diese Resultate dienen als Grundlage fur eine Trennung der Elemente Vanadium und Nickel 


besc 
von Kupfer und Eisen mittels einer Saulenoperation 


Résumé—Les auteurs donnent des résultats sur adsorption du vanadium dans les alcools de la série 
aliphatique, en utilisant comme adsorbant la résine échangeur d’anions Dowex-1, 8 fortement 
basique. Les coefficients de partage du vanadium ont été déterminés dans des solutions d’acide 


chlorhydrique contenant différentes concentrations d’alcools de la série aliphatique. Les coefficients 





G. E. JANAUER and J. KORKISCH 


r et du cuivre ont été déterminés ultérieurement. D’aprés ces résultats, une 


vanadium et du nickel d’une part, du fer et du cuivre d’autre part, au 


> au po nt 
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DETERMINATION OF RADIOPHOSPHORUS 
BY SOLVENT-EXTRACTION 


HARLEY H. Ross* and RICHARD B. HAHN 


e State | versity, Det: 2,M 
Summary 


iT | ry 1 if 
apid Espec ally 
is the excelle 

»Y 


e of phosphorus, *-P, is widely used . tracer in chemical, 


research. Itisa 


THE radioactive isotop 


tivated by-product in 


rnaving a Maximum 


medical and industria so f 


nuclear reactor coolant systems. Phosphorus-: 
energy of 1-701 MeV and a half-life of 14-01 days.“ The following paper describes a 
new method for the determination of *P in the presence of fission products and othe 
radionuclides. Arsenic-76, a common contaminant of phosphorus-32, does not 


interfere. 

\ method for the determination of phosphorus-32 was developed by Bonner and 
Potratz.. Their procedure involves the precipitation of phosphorus as zirconium 
phosphate, and later as ammonium phosphomolybdate. Arsenic is removed by 
precipitation of arsenic pentasulphide. A lanthanum fit le scavenging step is also 


included. Phosphorus is finally precipitated as magnesium ammonium phosphate, in 
which form it is counted. This method is quite involved and a single analysis requires 
| < - 


about 7 hours. 
| , Ao i 7 i of . f 
Silker* developed a cedure for the separation and determination of 
phosphorus 1 his method, arsenic is separated from phosphorus first by reducing 


the arsenic with sodium thiosulphate, then passing the resulting solution through a 
copper’ sulphide bed, which retains 98-5 °% of the arsenic. The effluent is subjected to a 


solvent-extraction procedure, and an aliquot of the organic phase is evaporated on a 


planchet and counted. This method is unsatisfactory in three respects: it is an 
empirical procedure and is made for carrier loss; about 1-5% of the 


} } + } na n “oT ve "1 
nic is carried with the phosphorus and is not removed in 


no correction 
e solvent extraction 


arse 
step. Since only an aliquot of the sample is counted, there is a loss of accuracy in low- 


i 
level samples. Several known samples were analysed in our laboratory using this 


method and the results were found to be erratic and unreliable 


Other methods for the determination of radiophosphorus have been published, 


yut these usually involve the counting of the phosphorus in samples free from other 
radiochemical interference or involve some modification of the Bonner and Potratz 
procedure for a specialised sample. 

I address: Special Training Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge 
Tennessee, U.S.A. 
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Previous studies® suggested that a direct solvent-extraction procedure could be used 
for th paration of radiophosphorus. From this work a method was developed 
which is rapi urate, and free of interference from other radionuclides. The pro- 

ial laboratory equipment and is suitable for the determination 


1] 
small 


volumes of sample material (up to 5 ml) will give a 


EXPERIMENTAI 


n 100 ml of 


le n 
hloride if} 


, cobalt-60, 
niobium-95, 


ry, were 


the zirconium-95 


! thenoyl trifluoroacetone (TTA) in xylene 


. ) tion fr the 7ir s11M 
aqueous solution ee OF the zirconiul 


rolorm 


h 14 
nen add 


(If chlorides, bromides, iodides 
ited t um ( perchloric acid to 
solution and continue heating until the 
nganese dioxide 


and decant the supernate to ¢ 250-ml 


rm solvent 
nd 20 ml of a 20°, sodium molybdate solution, 


iyers to separate, then drain lower the organic 


of 20°, sodium molybdate solution, and 


Add this solution to the solution in the 


the layers to separate. Drain the lower 


immonium chloride buffer solution to the 
te, drain the lower layer into a waste jar, and 
>a 100-ml beal 


1 the beaker t 10 ml of magnesia mixture, then allow to cool 


te on a filter disc in a Hirsh funnel. Wash the precipitate with three 10-ml 
three 5-ml portions of acetone 


iccuracy follow step (13a). For highest accuracy follow step (13b) 
recipitate for 5 min and weigh. Subtract the weight of the filter disc to obtain 


nitat 
i} c 
I 


Transfer to a watch glass, P-count, and correct for gravimetric yield. 
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13b. Transfer the precipitate on the disc to a crucible and ignite at red heat for 1 


transfer the precipitate to a watch glass, weigh, /-count, and correct for gravimetric yield 


RESULTS 
[he above procedure was tested using samples of distilled water with added 
phosphorus activity. The count was made on two forms of the final precipitate, 
Magnesium ammonium phosphate, and magnesium pyrophosphate obtained by 


ignition of the former. Six samples were run and the results are shown in Table I. 


ORM SOLVENT 


ENT ARSENIC-76 EXTRACTED USING 10 
ORM SOLVENT D meg ¢ PHOSPHATI 


| 


nt id 
tS aaded 


18? 820 0-004] 


418? 820 . 0-0052 


482.820 0-0038 


377,490 15 0-003 1 


3 490 2 0-0042 
377.490 0-:0033 


0-0039 


All gravimetric yields for the six samples fell in the range of 71 to 76%. This was 
true for both the ignited and non-ignited forms 

The extent of arsenic interference was determined using the same procedure, 
except that arsenic tracer was added in place of phosphorus-32. Table Il shows 


results from these samples. Gravimetric yields ranged from 70 to 76° 


Several other isotopes were examined (about 50,000 cpm each of strontium-90, 


cobalt-60, iridium-192, cerium-144, thallium-204, ruthenium-106, zinc-65, molyb- 
denum-99, hafnium-181, zirconium-niobium-95, and niobium-95) to determine the 
extent of their interference in the radiometric determination of phosphorus. The same 
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procedure was used, except that the isotope being investigated was substituted for the 


radiophosphorus. None of the isotopes interfered. 

nganese dioxide scavenging (steps 3 and 4) is necessary to remove radio- 
ich is extracted with phosphorus and carried along to the final precipitate. 

ty is definitely known to be absent, steps 3 and 4 may be omitted. 
Zusammenfassung e Methode zur Bestimmung von Radio-Phosphor in Gegenwart anderer 
s Trager zugesetzt und der Phosphor als 
Die Aktivitat wird mittels Ammoniak 
Dieses kann luftgetrocknet oder zu 
Irei von 


Trennung 


Resume 


lo pn} ' ite 
ic | nospne te 


* magnésium 


radio éléments 
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PRECIPITATION OF METAL 8-HYDROXYQUINOLATES 
FROM HOMOGENEOUS SOLUTION—IV 
URANIUM 


JON BORDNER, E. D. SALESIN and LouIs GORDON 
Department of Chemistry and Chemical Engineering, Case Institute of 


Technology, Cleveland 6, Ohio, U.S.A 
14 May 1961) 


Summary—Uranium’! 8-hydroxyquinolate can be precipitated from homogeneous solution with 


{ 


8-hydroyxquinoline generated by the | olysi yf acetoxyquinoline The composition of the 


uranium chelate formed is not for the two procedures described for the quantitative pre- 


cipitation of the uranium 

8-ACETOXYQUINOLINE can be hydrolysed to produce 8-hydroxyquinoline and thus to 

precipitate metallic ions from homogeneous solution.'~* The present paper describes 
. . > \ 

an analogous method for the precipitation of uranium | Two procedures have been 


developed. In one procedure the uranium is precipitated at pH 6.8 as (UO,Q,),"HQ, 
where GQ = C,H,NO; and in the other procedure at pH 5.0 as UO,Q,"HQ. The 
compound which is precipitated upon the conventional addition of 8-hydroxyquino- 


line to a uranium’! solution is | 0,Q,°HQ.”: 


EXPERIMENTAI 
Procedure 


(1) Precipitation at pH 6.8: Dissolve 100 mg of pure 8-acetoxyquinoline in 45 ml of 1 : 1 acetic 
acid. Add to this a solution containing 5-30 mg of uranium, and dilute to 100 ml. Adjust the pH to 
6.8 with concentrated ammonium hydroxide, and heat the solution at 70° for 3 hr. Cool, filter, and 
wash the precipitate with a minimum of cold distilled water. Dry the precipitate for 2 hours at 110°. 


2772 


Use the conversion factor, 2U/(UO,Q,).-HQ 0.3773, to calculate the uranium content of the pre- 
cipitate 

(2) Precipitation at pH 5.0: Dissolve 1.0 g of pure 8-acetoxyquinoline in 10 ml of 1 : 1 acetic 
acid. Add to this a solution containing 5—60 mg of uranium, and dilute to 100 ml. Adjust the pH to 
5.0 using ammonium hydroxide (1 : 1) and heat for 3 hr at 70°. Cool, filter, and wash with a minimum 
of cold distilled water. Dry the precipitate for 2 hr at 110°. Use the conversion factor, U/UO,Q, 


HQ 0.3384, to calculate the uranium content of the precipitate 


» 
Reagent § 


Ss 


Uranium: Approximately 5 g of reagent grade UO,(C,H;O,).°2H,O (Baker and Adams, New 
York) was dissolved in 5 litres of distilled water. The solution was standardised by evaporation of a 
known aliquot and ignition to U;Qg, and this was checked by precipitation of the uranium with ammo 
nium hydroxide followed by ignition to U;O, 

8-Hydroxyquinoline: The solution used was prepared by dissolving 3 g of the reagent (Matheson, 
Coleman, and Bell Division of the Matheson Company, East Rutherford, New Jersey) in 3 ml of 
glacial acetic acid, and diluting with hot water to 100 ml. 

8-Acetoxyquinoline: This reagent was prepared by the method of Salesin and Gordon.' A few 
precipitations were effected with experimental quantities of 8-acetoxyquinoline obtained from the 
Burdick and Jackson Laboratories, Muskegon, Michigan. In these instances, the reagent was used as 
an acetone solution. 


579 
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> the optimum pH, concentration, and 


ite with desirable physical character- 


of s-acetoxy- 

as used to pre- 

ite formed below 
racteristics formed 
precipitate 


of crystals 


PFHS PFHS PFHS 


Ca, 4.7 Mg, 2.8 Pb, 24.4 


0.0 0.0, 0.0°, 0.0" 0.0, 0.0, 0.0 


ESULTS AND DISCUSSION 


(a) P pitation at DH 6.8 


The gra tric results obtained in this investigation are summarised in Table I. 


Phe calculations indicate that the uranium is precipitated with a molecule of crystal- 
lization of 8-hydroxyquinoline, i.e., with the formula (UO,Q,),*-HQ. When the con- 


ventional method of precipitation with 8-hydroxyquinoline was used, the uranium 





Precipitation of uranium 8-hydroxyquin olate from homogeneous solution 


compound appeared to be UO,Q,°HQ, as has been previously reported.®:* Deter- 


mination of the 8-hydroxyquinoline content of several of the precipitates by a bromina- 
tion procedure’ and comparison with the uranium content 


confirmed the assumed 
formulas as is shown in Table III. 


NOLATES OBTAINI 


PFHS 
0.000117 0.000117 0.000117 
0.0003 5( 0.000288 0.000354. 0.000355. 


0 000355 


mission in supporting in part the investigat 
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Zusammenfassung—Uranium(VI)-oxinat wird aus homogener Lésung gefallt durch Hydrolyse von 


8-Acetoxvchinolin. Der so gewonnene Niederschlag hat eine andere Zusammensetzung als Nieder- 


ige. die nach den beiden bekannten Mothoden zur Uranbestimmung erhalten werden. 


SCI 


Résumé—Le 8-hydroxyquinoléate d’uranium(VI) peut etre precipite en solution homogene par de la 


sparée par hydrolyse de 8-acétoxyquinoléine. La composition du chélate 


pas la méme pour les deux procédeés décrits de précipitation quantitative de 
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EINE NEUE METHODE ZUR SPEKTROPHOTOMETRISCHEN 
BESTIMMUNG VON MIKROGRAMMENGEN TITAN 


J. KORKISCH 


Zusammenfassung 
schen Bestin 
Black AS 


Ss von 


und ADTA au 


Diet vorliegenden spektrophotometrischen Untersuchungen 
eine Methode zur photometriscl sestimmung von Mikrogramm 

entwickeln, die genauer und empfindlicher ist als die bis jetzt hauptsachlich verwendete 
Wasserstoffperoxydmethode’ und deren Modifikationen*-* sowie die in unserem 
Laboratorium haufig benutzte Ascorbinséuremethode.*> Die hier beschriebene 
photometrische Methode weist eine wesentlich gréssere Empfindlichkeit, als die oben 
genannten Verfahren auf, sodass sich Titan bei Anwendung des Azofarbstoffes 
Solochrome Black AS selbst in Konzentrationen unter | ppm. sehr genau und einfach 


bestimmen lasst. Die Bildung des Titan-Farbstoffkomplexes erfolgt allerdings nur 
in Anwesenheit organischer Lésungsmittel wie z.B. Methanol, in wassriger Lésung 
dagegen tritt keine Komplexbildung auf. Da die Bestimmung in relativ stark saurer 
Lésung durchfthrbar ist, wird sie durch gegebenenfalls anwesende Fremdionen 
praktisch nicht gestért. Die Elemente Eisen(III), Kupfer(1]), Zirkonium, Hafnium, 
Molybdin und Vanadium sowie Phosphationen rufen die gréssten St6rungen hervor. 
Durch Zugabe von Ascorbinsaure lassen sich Eisen(IIL) und Kupfer(I1) reduzieren 
bezw. maskieren, wodurch ihr Einfluss auf die Titanbestimmung ausgeschaltet 
werden kann. Ebenso lisst sich die durch geringe Mengen an Zirkonium bezw. 
Hafnium hervorgerufene Stérung durch Zusatz von ADTA eliminieren. Molybdan, 
Vanadium und Phosphationen allerdings mussen abgetrennt werden, und zwar 


mittels friiher entwickelter lonenaustauschverfahren.® 


EXPERIMENTELLER TEII 

Lésungen und Reagentien 

(a) Titanstandardlésungen. Einer 1n schwefelsauren Titansulfatlésung, die einen auf photo- 
metrischem Wege': ermittelten Gehalt von | mg Titan/ml aufwies, wurden 100 ml! entnommen und in 
einer Platinschale weitgehendst auf dem Wasserbade eingedampft. Hierauf wurde die Schwefelsaure 
vorsichtig abgeraucht und das so erhaltene Titansulfat durch kurzzeitiges Gliihen in Titandioxyd 
umgewandelt. Dieses wurde dann durch zweimaliges Abdampfen mit konz. Flussdure quantitativ in 
das Titanfluorid ibergefiihrt und in insgesamt 100 ml 1 n Salzsaure aufgenommen. 1 ml dieser 
Lésung entsprechen | mg Titan. Durch entsprechendes Verdinnen mit | n Salzsaure wurden weitere 
Titanlésungen geringeren Titangehaltes hergestellt. 
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Da der Z bstoff Solochrome Black AS (Imperial Chemical Industries 


lackley inchest England) der Formel 


1000 ms ausgefihrt 
bei 390 mu lag 


wurden daher 


nd Vanadiun komplexe des 
hervor, dass oben genannte 


n dieses st6rungsfrei bestimmt werden 


f die Messungsergebnisse ist. Dabei 
1 oder 3 ml I n Salzsdure bezw. 2 n 


Cr Salzsaurenormalita en nimmt die 


Natriumacetat et keine Vorteile 


AuseinerR e von Versuchen ging hervor, di ei Anwesenheit von 4-6 ml Farbstoffldsung 


10 ml MesslOsunsg Extinktion nicht h der l.h., ein Konstanzbereich auftritt. Bei allen 


weiteren Versuche irden daher immer 5 ml der Farbstofflésung verwendet 


onzentration 


schiedenen Methanolkonzentr onen ausgefuhrte Versuche zeigten, dass die 
maximale Extinktior in erreicht wird, wen 8 ml Methanol/10 ml Messlésung anwesend sind. Ist 


die Methanolkor tration geringer so nimmt die Extinktion bis zu einer Gesamtmethanolkonzentra- 


tion von 6 ml/10 ml Messlosung ab. Unter 6 ml Methanol tritt bereits eine Ausfallung des Farbstoffes 
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ein, sodass Messungen in diesem Bereich unmd6glich sind. Es ist daher nétig, dass die Messungen be 


einer méglichst hohen Methanolkonzentration ausgefiihrt werden 


j 


Einfluss andere Loésungsmitte l 


Werden anstelle von Methanol andere LO6sungsmittel wie z.B. Athanol 
Dioxan oder Aceton verwendet sigt sich, dass keines dieser L6sungsmit 


seits die L6slichkeit des Farbstofie 1 diesen suNgsmitteln ausserst gel 


C 


SO4 


1000 bis 10.000-fa 


Komplex 


fluss der Zeit, Temperatur und Reihen re del Reagentienzi 


Die Komplexbildung erreicht nach 5 bis 10 Minuten thre volle Intensitat und bleibt bei einer 
Temperatur im Bereich von | mehr als 5 Stunden lang konstant. Die Reihenfolge der Rea 
gentienzugabe hat keinen Einf auf die Messergebnisse 


8. Giiltigkeit des Lambert Beer’schen Gesetzes 
Die zu messenden Lésungen enthielten: O-100 wg Titan in jeweils 2 ml 1 n Salzsaure, 1 ml der 
Aluminiumchloridlésun 


5 ml der Farbstoffl6sung und den auf 10 ml! fehlende Rest an Methanol 


a 


Die Extinktionen dieser L6sungen wurden dann gegentiber einer ReagensleerlOsung bei einer Wellen 


lange von 390 mu gemessen. Die Ergebnisse dieser Messungen sind als Eichkurve in Abb. | wieder- 


gegeben 


Wie daraus hervorgeht, wird das Lambert Beer’sche Gesetz von | bis 20 ug Titan/10 ml erfiillt. 


9. Empfindlichkeit und Genauigkeit der Me thode 


Wie aus Abb. | hervorgeht, lassen sich noch 0,1 «g Titan/ml, d.i. 0,1 ppm. genau bestimmen. Der 
mittlere prozentuelle Fehler im Konzentrationsbereich von 1 bis 20 ug Titan betragt 6 Ist 


weniger als 1 ~g Titan/10 ml Messlésung anwesend, so kann der Fehler bis zu 10°, betragen 


10 Arbeitsvorschrift 


Die titanhaltige Lésung wird in eine geeignete Platinschale gebracht und auf dem Wasserbade zu 
Trockne einged umpft bezw. weitgehendst eingeengt. Gegebenenfalls anwesende Schwefelsdure muss 
vorsichtig abgeraucht werden. Der so erhaltene Riickstand wird zur Entfernung anwesender organi- 


scher Substanzen (wenn z.B. das Eluat nach einer Ionenaustauschoperation®~* eingedampft wurde) 
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lioxyd durch zweimaliges Eindampfen auf dem Wasser- 
das leicht losliche Titanfluorid tibergefiihrt. Dieses wird 
Salzsaure in einen 10 ml Messkolben gebracht. Die 


{l6sung und | ml Methanol ausgespilt, wobei diese 


sbi 


acht werden. Dieser LOsung werden dann 


nsaure zur Reduktion und Maskierung von 


| 
| 


e——* 





Kupfer-, Hafnium- und Zirkoniumionen zugesetzt. Nach Zusatz 

fldsung wird dann mit Methanol zur Marke aufgefullt. Nach griindlichem 
nn nach Ablauf von 5-10 Minuten die Extinktion gegeniiber einer 
390 my gemessen und aus der Eichkurve (Abb. 1) der Titangehalt der Mess- 


Sung ermiulttelit 


Summary very sensitive and accurate method for the spectrophotometric determination of 
am quantities of titanium has been developed. Solochrome Black AS in a hydrochloric acid- 
anol medium is used as the reagent. This dyestuff reacts with titanium forming a red-violet 
colored complex, which shows maximum absorption at 390 mu. By means of this method as little as 
0-1 ppm. of titanium can be determined with satisfactory accuracy. The interferences of iron™, 
m, and hafnium can be eliminated by the addition of ascorbic acid and EDTA. 
Résumé "auteur a mis au point une méthode précise et trés sensible pour le dosage spectrophoto- 
métrique de microgrammes de titane, en utilisant comme réactif le noir solochrome AS en milieu 
acide chlorhydrique. Ce colorant réagit avec le titane pour former un complexe rouge-violet qui a un 
maximum d’absorption a 390 mu. Par cette méthode on peut doser 0,1 p.p.m. de titane avec une 
précision satisfaisante. Les interférences du fer(III), du cuivre(II), du zirconium et du hafnium 
peuvent €tre éliminées par addition d’acide ascorbique et d’EDTA. 
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GRAVIMETRIC AND TITRIMETRIC DETERMINATION OF 
BISMUTH USING AMMONIUM SALTS OF BENZENE 
AND NAPHTHALENE SELENONIC ACIDS* 


V. S. SOTNIKOV and I. P. ALIMARIN 


Summary. 


> naphthalene sel 
“a 
it 110°, corresponds to 
} 


1e bismuth can be determined 


yy. or iodometrically. 
he concentration of nitric acid on the completeness 
i 
SeO.,).. various amounts of the mineral acid 


ismuth solution. This was then diluted to 100 ml and 


and the bismuth was precipitated with C,H;SeO,NH, or C,)H,. 


R 
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SeO,NH,. The precipitate was washed, heated and weighed as Bi,O,;. The results 


obtained are given in Fig. 1. 





yenZene 


elenonyl 
rotating 


xyenzene 


Sitat 


1e precipita c. 


solution was diluted with water, a ree fold exc f potassium iodide added 
and the liberatec dine was titrated potentiome lly or amperometrically with 


sodium thiosulphate 
2C,H.SeO,1 KI 31, -+- 6KCI + 4H,O 


9Na.S.O0sz. (1) 


At the same time, for comparison, bismuth was precipitated using selenious acid, 


as described in the literature.* The precipitate was washed with water, dissolved in 
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nitric acid, tartaric acid added and the liberated iodine titrated with sodium thio- 
sulphate: 
H,SeO, + 4KI + 4HCI-—> Se + 21, + 4KCI + 4H,O 
Bi = 61 = 6Na,S,Os. (2) 


rhe results are given in Tables II and III. It should be noted that the potentio- 
metric and amperometric bismuth determinations using selenious acid have definite 
disadvantages. 

The reduction of the selenious acid with potassium iodide proceeds to elemental 
selenium. This precipitates on the platinum electrode which then ceases to react to 
changes in potential. This hinders the determination of the equivalence point. For 
this reason potentiometric titration, even of small amounts of selenious acid, is very 
difficult, while amperometric titration even of small amounts of selenious acid is 
almost impossible. In Tables II and III the best of many results from potentiometric 

amperometric titration using selenious acid are given 

Reduction of C,H,SeO,H with potassium iodide proceeds to diphenyldiselenide 
which does not affect the accuracy of determination of the equivalence point during 
potentiometric or amperometric titration 

Lead, at a pH not lower than 4, precipitates with the ammonium salts of benzene 

ene selenonic acids but the large crystalline precipitate formed is very easily 
soluble in dilute nitric acid. On the other hand, bismuth is precipitated quantitatively 
by the reagents mentioned from quite acid solutions. For this reason we studied the 
possibility of quantitative determination of bismuth in the presence of lead. In the 
filtrate, after separation of the bismuth, the lead concentration was determined by 
precipitation with thiourea and subsequent conversion of the lead to lead chromate 


The determination of the lead was carried out iodometrically.' 


TABLE I[V. DETERMINATION OF BISMUTH IN THE PRESENCE OF LEAD 


Taken, meg Found, mg Error, mg 


Bi Bi Pb 


16°89 5 0-06 

SeO.NH, 16:92 
8-48 3 0-02 
8 0-08 


0-06 
16 
SeO.NH, 16 
0-04 
0-09 
150-66* 
150-66* 50-58 0-08 


* Bi determined using reprecipitation. 

As can be seen from the results in Table IV, if the lead content is not more than 
10% of the bismuth then it does not affect the accuracy of the bismuth determination 
when using benzene or naphthalene selenonate. With higher concentrations of lead, 
the bismuth must be determined by reprecipitation. 
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Zusammenfassung neue Reagenzien, C,H;-SeO.NH, und C,,H-SeO NH,, werden zur gravi- 
Wismuth vorgeschlagen. Beide geben mit Wismuth aus mineralsaurer 


metrischen Be 
Zusammensetzung Bi: Reagens — 1:3. Die Nieder- 
Die MOglichkeit wird gezeigt, Wismuth 


ufgelost wird (Mischung von Mineralsdiure und 


sntiometriscn lv 


Resumé 
SeO., NH 


- 
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USE OF TAGGED ATOMS FOR THE INVESTIGATION OF 
PRECIPITATE-EXCHANGE REACTIONS 


PRECIPITATE-EXCHANGE WITH SILVER OXALATI 


ErDEY, D. HEGEDUS and I. PORUBSZKY 


Che stry of the Technik { versity, B 


Summary—R 


PROCESSES called precipitate-exchange reactions by Ballezo and Mondl! are based on 
irreversible ion-exchanges. The dynamic solubility equilibrium between a slightly 
soluble precipitate (exchanger precipitate) and its saturated solution can be upset by 
the addition of such an ion, which forms with one of the ions of the saturated solution 
a precipitate of less solubility than the original one. 


[he equation of the process 1s 


LM N LN y M 


Y 


In the equation LM is the exchanger, and LN represents the less soluble precipitate 
which is formed. The negative sign indicates the charges of the ions, but without 
regard to their valences 
Precipitate-exchange reactions make possible many analytical determinations.” 
The equilibrium state of precipitate-exchange reactions, i.e. the measure of the 
precipitate-exchange, can be measured by the transformation ratio 7. Its percentage 
value can be expressed by the ratio of the final concentration of the ion liberated from 
the precipitate, [M~],, and the initial concentration of the newly introduced, precipitate- 
forming ion, [N°]: 
Y[M7] 
Z(N“}j, 


\ 


100 . (1) 


In equation (1), Y and Z represent the valences of the corresponding ions. 
rhe initial and final concentrations can be calculated using the follow ing equations: 


Y[M-], 


\ 


Yi{M7], [M-],! (2) 


Y[M-], = Z{{N-], — [N-}. (3) 
Z[N-}, = Y{(M-] 
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v — [M7],} + Z[N7], 





L. Erpey, D. HeGepus and I. PORUBSZKY 

-quations, [M-], represents the concentration of M~ ions formed during 
‘xchange process, and [M~], means the concentration of the exchanger 
: from physical dissolution. [N~], represents the untransformed part 
--forming ion concentration. Values of [M-], and [N-], can be 
the law of mass action, from the solubility products of the corre- 
[N~], is known from the original weighing, and 
> transformation ratio of single precipitate- 

*xperimentally 
reactions, carried out with various [N~}, 
rmation ratios are usually less than 100%: 
stoichiometric in all concentration ranges. 
--exchange reactions registers only this fact, 
the real processes occurring in precipitate- 


values cannot be determined by titrations. 


vever, possible by means of ‘‘tagged”’ atoms. 


investigation of chloride-exchange with silver 


compared with those calculated from the 


THEORETICAI 


by Sendroy,? 
2AeCl | + C,0, 


mination of chloride ion. 
ncentrations, characteristic for the exchange reaction, can 
Ag.C,O, and AgCl precipitates. 

concentration, [CI-},, was known, the values of [CI] 


v? 


were calculated, as follows: 


and 


From equations (5) and (6), 


From equation (3), 


2[C,0,- ~] 
and, after substitution, squaring and multiplying we obtain the relation, 


Laer [CH] 


HV 
> 
- Ly 20 
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which yields the quadratic equation, 


2Lae,c,0, (I” + Lager [C cect [CI-]}, = O (7) 


Ag 


In calculating [CI-], values from equation (7) only the positive root of the quadratic 


equation was taken into consideration. This method of calculation, however, can 
only be used if the requirement 


[C,0, 
is fulfilled. In this case 


and using equations (6) and (3), 


[C,0," “Jo 


N 2(Cr}, — [CA 


VJ 
The value of [C,0,~- ~], can be calculated using equations (4) and (3). 


co, 4-2 h 


Chloride exchange with silver oxalate was examined only in neutral medium. In 
acidic medium, the solubility of silver oxalate increases considerably. In an aqueous 
solution of silver oxalate the following equilibrium exists: 

AgsC,O, | 2Ag* + C,0,7-. (1) 
In the presence of hydrogen ions there is the further equilibrium, 
2H* C,0/ (COOH), . (II) 
In acidic medium, therefore, oxalate anions form with protons poorly dissociating 
oxalic acid molecules. Because of this, the oxalate ion concentration decreases, and 
therefore, according to equation (1), further amounts of silver oxalate must dissolve in 
order to re-establish the solubility equilibrium. It has also been proven experimentally 
that chloride-exchange with silver oxalate cannot be carried out in sulphuric acid 
solutions more concentrated than 0.01 N.? 

In alkaline medium the solubility of silver oxalate also increases. In the presence 
of alkali hydroxides, silver oxide is formed according to the following reaction: 
2Ag* + 20H Ag,O H,O. 

In ammoniacal solutions the silver-ammine complex is formed: 


2Ag+ + 4NH, = 2[Ag/NH,/.]*. 


Both processes decrease the concentration of silver ions in the saturated solution of 
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Chloride-exchange 


1c solubility of silver oxalate 


they increase tl 
be used with silver oxalate. 
calculated from the equations 


cannot 


1 concentrations 


1oOn ( 
For the solubility product of silver oxalate the value 


the literature.!” 
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concentrations; i.e. the values of the activities, corrected by background values, were zero. It might 
be assumed theoretically that by using NaCl* solution of higher specific activities, the measured 
[Cl-]y values would be increased. But this assumption is not supported by the fact that the measured 
transformation ratios agree well with the calculated ones, using zero values for [Cl-],, and so for the 


negative error of the precipitate-exchange reaction 


Determination of [C.O, } value § 
Known amounts of inactive sodium chloride solutions were mixed together with a small known 


amount in excess, of active silver oxalate suspension, as in the above procedure he activity of the 
I t 


amount of silver oxalate used na 50-ml final volume—was also determined. From the solubility 


1 hy nt 


r ! i¢ } | > " ; fa " 7.7 *t ‘ . ; 
product of silver oxalate and from the silver 1on concentration determined by activity measurements, 


the [C,O,~ ~]o value could be calculated 


{ctivity measurements 


+ ; ley me ired withal ' > wiin 7. setitiite ‘ 
Activities of the solutions were measured witha liquid counter, produced in the Institute of Physical 


] thin 


Chemistry of the Technical University of Budapest (Fig. 1.). The calix-like counter-tube has a thi 


wall and is mounted with an aquadag-cathode, and s suitable for 
} g 























Fic. | Liguid counter tube 


Instead of evaporating the solution on small aluminium plates, and counting with an end-window 
GM-tube, the use of the liquid scaler was preferred because of the small specific activities of most of 
the solutions measured 

Since the final volumes of the solutions were about 50 ml, and the counter tube had a volume of 


approximately 18 ml, two parallel measurements could be carried out. The tube was filled with 


solution so that the surface of the solution was 1 cm below the edge of the tube. In this way the 
volumes corresponding to the activities measured were determined by the sensitive volume of the 


scaler tube, and the measured activities were proportional to the specific activities of the solutions 
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tions, the error caused by self-absorption at various 


ty measurement, to avoid errors from con- 
After four or five measurements, as the 


ant | 
CriLiy I 


the tube was washed with concentrated nitric 
ly 


ww level for each measurement. For 
ied water 


pe EMG 1872 


“™e 
—— 4 
) 


Log (7%- 100 


Negotive error eR eiie 


f chloride-exchange with silver oxalate 


RESULTS AND DISCUSSION 


[The experimental results for equilibrium ion concentrations obtained from 
activity measurements are shown in Table II. In the column “‘titr. 7% ” is given the 
transformation ratio calculated from titrimetric measurement of the oxalate ion 
liberated during the reaction, using an iodometric method.'° 

[he experimental results, in agreement with the theoretically calculated ones, 
show that the chloride exchange is not stoichiometric at any initial chloride con- 
centration. 

Although the calculated and measured values of the transformation ratios agree 
well in the range 50-00—10-00 mmole/litre initial concentration, it does not follow that 
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the positive and negative errors of the exchange reactions, as measured by activities, 


also agree with the calculated values. 


TABLE Il EXPERIMENTAL VALUES OF EQUILIBRIUM LON CONCENTRATIONS (NEUTRAL MEDIUM) 


‘ ] > > ; " 
[Cl-lx, | [Cl-]y, gatir itiv , tits 
mmol mmole y : ; 
mmole 


j > 
litre litre 


50-000 0-006 25-000 0-024 25-006 100-02 
40-000 0-007 20-000 0-035 20-007 100-04 100-65 
20-000 0-010 10-000 0-100 10-010 100-10 101-10 
10-000 0-014 5-000 0-280 5-014 100-28 102-60 
4-000 0-020 2-000 1-000 2:020 101-00 104-40 
2-000 0-026 1-000 2-600 1-026 102-60 115-40 
1-000 0-034 0-500 6-800 0-534 106-80 
[Cl-] 
[he calculated value of the negative error, - - - 100, increases at 25° with the 
[Ch }, 
initial chloride concentration; in our experiments no negative error could be demon- 


strated 





20 30 4 


[Cl-]x m mole/L. 





2(6)—Experimental values of the errors of chloride-exchange with silver oxalate 


ot oe ae 
C.0,-71, - 100, determined experimentally, and arising from 
2“4 


the physical solubility of silver oxalate, is also smaller than the theoretically calculated 


The positive error, 


[ 


values above an initial concentration of 20-00 mmole/litre. For smaller initial 
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chloride ion concentrations, however, this error is greater than the theoretical value. 


The experimental results indicate that the chloride ion-exchange with silver 
an be used for analytical purposes at concentrations above 10 mmole/litre. 


Fig. 2(a) shows the theoretical, and 2(4) the experimental values of the errors of 


i function of the initial chloride ion concentration. 


mM as< 
oO 


the react 


The deviation of the experimental transformation ratios from the “titr. 7%’ 
values can be explained by the fact that errors determined by activity measurements 


from the solubilities and concentrations, while in values of the transforma- 


t 
Ll 


result ont\ 
ned titrimetrically, all the errors caused by reactions in the liquid 


tion ratios determ! 


the titrimetric methods, are involved. 


as the errors of t 


Zusammenfassung— Radio ) l | geeignet um die Austauschreaktionen an 

t Fehler k6nnen in zwei Gruppen geteilt werden: positive und negative 
ysikalischer Léslichkeit” der Austauschniederschlage und dem L6slich- 
Niederschlage. Der Austausch von Chlorid mit Silberoxalat wurde 
| Cl und Ag enthielten. Die experimentell 


1 theoretisch berechneten gut iiberein. 


es des reactions d’echange des preécipités conviennent pour la 
ions en équilibre dans ces procedés. Par con- 


neentrauions da 


] n ] étre divisées en une erreur positive et une erreur negative, 
ysique du précipite éechangé et a l’équilibre de solubilité entre les deux précipités 
ire avec l’oxalate d’argent a été étudié en utilisant des solutions contenant **C] 
s de transformation, déterminés expérimentalement et calculés theoriquement, 
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THE DETERMINATION OF TRACES OF PALLADIUM 
IN SAMPLES OF PLATINUM BY 
NEUTRON-ACTIVATION ANALYSIS 


R. A. KILLICK and D. F. C. Morris® 


Department of Chemistry, Brunel College of Technology, London, W.3, England 


(Received 22 February 1961. Accepted 3 April 1961) 


Summary—A method is described for the determination of traces of palladium in samples of platinum 
by neutron-activation analysis. In order to avoid self-shielding differences between samples and 
standards during neutron-irradiation, standards have been prepared by the addition of very small 
known amounts of palladium to analytical samples. Each determination required 0-1 g of sample, 


and a radiochemical procedure using carriers has been employed to isolate the induced palladium 
activily 
INTRODUCTION 
A NEUTRON-ACTIVATION procedure has been developed for the determination of traces 
of palladium in samples of platinum. The method has been evolved to provide greater 
sensitivity than is available with most conventional analytical procedures. Neutron- 
activation has been used previously to determine traces of palladium in meteorites,' 
rocks,” enzyme solutions,® and nickel.* 
Naturally occurring palladium consists of six isotopes '°*Pd (°% abundance, 4 

0-96), 1°4Pd (4 10-97 °/), 19>Pd (6 22:2 °/), 186Pd (6 27:3 °/), 198Pd (0 26:7 °/) 
and !!°Pd (9 = 11-8°%,). On irradiation with neutrons of thermal energies the element 


yields radionuclides; the following sequences are the most important 
L02Pq : » 105Pd (t 17-0d) _. » Rh (stable) 
LO8Pq » 109MPd (t 4-75 min) 
rl 


v 
LO9Pd (t 13-5 hr) » %Azg (stable) 


ord > MPa it 5°5 hr) 


IT(75 <i Ag (t 7-6d) » 11Cd (stable) 


v 
L11Pd (t 22 min) 
Relevant isotopic thermal neutron activation cross-sections, o, are:° 
102Pq 4-8 barns 


L08Ppq 10 (13.6 hr) 
110Pq 0-3 (22 min). 


Activity of the radionuclide 13-5-hr palladium-109 was measured in the present 
study. Jenkins and Smales® have estimated that with a thermal neutron flux of 10" 
neutrons/cm?/sec, as available in the Harwell Pile BEPO, ca. 10—"® g of palladium may 
be determined under ideal conditions using '°Pd. Palladium-109 decays by the 
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rticles of maximum energy 1-02 Mev, y-rays of energies 0-307, 0-320, 


_ (0-448. 0-55. 0-64 and 0-77 Mev (all weak) are also emitted.’ 
lielding differences between samples and standards, in the 
*n prepared by the admixture of small known quanti- 


tical samples 
EXPERIMENTAI 


fragments 
lica tubing 
0-05 g) ota 
ca ampoules 


y evapo! ated 


to which no pall ad been added, 


pi 
im cans, 3 in | in., for irradiation in 


ictor 10 (therma tron flux 10'* n/cm 


ples and standard ; inalysed radio- 


ypalladium An initial separation was achieved 

lilute acid solution and additional purification 

lioxide. Further reduction in the contamination 

‘vent extraction of the dimethylglyoxime 

by dimethylglyoxime under the conditions 

final traces of the element by extraction 

away and any residual silver activity 

ified palladium was finally precipit ited and 

tal details are as follows 

ds to 250-ml beakers. Wash out the irradia- 

gs to the beakers. To each sample add | ml 

irdised gravimetrically as palladium dimethyl- 

the platinum. Dilute to 200 ml with cold 

in 95 ‘thanol an tir vigorously 

Collect the precipitate by filtration 
portions of cold 2M HCl and cold water 

and evaporate with two 3-ml portions of 

Hg(NO,). solution and boil. Add 5 ml 

intil the blackish-brown precipitate of hydrous 

41 Whatman paper and wash it with hot water 

iker, add 3 ml of 12M HCl, and dilute with exactly 

xime reagent and stir for 2 min. Add 30 ml of 

e suspension to a 250-ml separating funnel. Extract the palladium 

10-ml portions of CH¢ | 

lic extracts and evaporate to dryness. Dissolve the precipitate in | ml 

s of 12M HCl. Add 2 mg of Au carrier (as AuCl, in 1M HCl) 

5 Dilute the solution to 100 ml with water and extract the 


acetate. Retain the aqueous phase in two clean 50-ml 


yn of the aqueous solution add 2 mg of Ag carrier (as AgNO, in water), 


he supernates to two clean 50-ml centrifuge tubes. To each add 2 ml of 
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dimethylglyoxime reagent. Centrifuge and discard the supernates. Combine together the two 
precipitates of palladium dimethylglyoxime and wash with small portions of water and 95°% ethanol 
Slurry the precipitate with 95%, ethanol on to a weighed aluminium counting tray (A.E.R.E. Cat 
no. 4-3/1068), by using a transfer pipette. Make sure that the distribution of the precipitate on the 


tray is uniform. Dry at 110 for 15 min, cool, and weigh to establish the chemical yield 


Counting of the isolated palladium dimethylg 

Final precipitates of the palladium dimethylglyoxime plex, {oe )., prepared by the 
above procedure from analysis samples and standards were counted under identical conditions with 
a thin end-window Geiger-Miiller counter Il ¢ ‘rved counting rates were corrected for paralysis, 
background and chemical yield. No correction f self-a of /-radiation in the 
was necessary as they were all kept nearly the same in weigh LV laracteristics 
precipitates were measured to ensure that the acti vere - l typical decay curves 


shown in Fig. 1 





SULTS 


In Table I are shown results of analyses of pure samples of platinum. 


TABLE I. PALLADIUM CONTENTS OF SAMPLES OF PLATINUM 
DETERMINED BY NEUTRON-ACTIVATION ANALYSIS 


Sample Palladium content, ppi 


Pt | 

Pt 2 

t2 

Pt 3 

Pt 4 

Pt 5 

Pt 6 

Pt 7 

* These results are quoted to only one significant figure 
because the measured activities were rather low because of an 


unavoidable delay in this run 


The major advantages of the present method over the spectrographic methods 


previously used in studying the contamination of platinum with palladium are the 
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ereatly improved sensitivity, and the avoidance of difficulties in the preparation of 


suitable comparison standards 


We are grateful to the Mond Nickel Co. Ltd. for the loan of samples of platinum, 
1 Research Fellowship to one of us (R. A. K.) 

‘ur Bestimmung von Palladium in Platin mittels Neutronenak- 

Unterschiede in der Selbstabeschirmung von Standard und 

irds durch Zusatz gemessenet Mengen von Palladium zu analy- 

ung bendtigt 0,1 ¢ Probenmaterial. Radiochemische 


n angewandt um die induzierte Palladium- 


Resume eurs décrivent u nethode de dosage de traces de palladium dans des échantillons 
le pla ) se par activation de neutron fin d’éviter des différences d’auto-protection 
neutronique, les étalons ont été préparés 

1ux échantillons analytiques. Chaque 


radiochimique utilisant ‘ntraineurs a ete 


A Brooksbank, 


Comm. Rept 
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STUDIES ON URONIC ACID MATERIALS—III 


AN INVESTIGATION, USING “C COMPOUNDS, OF ACID DECARBOXY- 
LATION REACTION-TIMES 


ANDERSON® a S. GARBI 
The University, Edinburgh 


Summary he reaction-tim or complete ( leca ylat f gl ronic acid labelled 

at C6 witl respectively n and 360 min, from start of reflux, for I‘ ind w) aq 
and 1-6 

lioxide from side reactions, however 

in shorter times, /.e. in 140—160 min 

it the use of 19 acid 


) side reactions: this is 


[HE quantitative analysis of uronic acid groups is of great importance in investigations 
of plant gums! and other carbohydrate materials, in the analysis of foodstuffs and 
of organic matter in soils, and in animal’ and plant® biochemistry. The analytical prob- 
lems presented by uronic acid materials offer a considerable challenge to the chemist 

Lefévre and Tollen’s classical decarboxylation method* was based on Mann and 
lollen’s earlier experiments? with glucuronic acid and 12° (w/w) aq. hydrochloric acid 


Although the reaction was formulated as 


C.H 


10 


O, > C;H,O, + CO, + 3H,O 


the yield of furfural is always much less than theoretical® at the reaction-time giving 


| mole of carbon dioxide. Side-reactions, which are complex,*:>* therefore take place; 
they begin as soon as decarboxylation of a uronic acid molecule, resulting in the forma- 
tion of an acid-labile decomposition product, is first achieved. Since carbon dioxide is 
liberated from these side-reactions slowly and approximately linearly with time, yields 
in excess of | mole must result'® if the reflux period necessary for 100°, decarboxyla- 
tion is used.{ There is no known method of eliminating these side-reactions. The 
analytically correct time, even for pure reference uronic acids, is therefore, by com- 
pensation of errors, less than the full time required for complete decarboxylation. 
he complex system of reaction products cannot readily be reconstructed for study 
as a synthetic mixture; the uronic acid and its successive reaction products form a 
dynamic, integrated system which at present can only be studied as a whole. Conse- 
quently, it is not surprising that widely differing times for complete decarboxylation 
have been proposed. Thus for 12-13% hydrochloric acid the literature includes such 
see ref. | 
address: Dept. of Chemistry, Cornell University, Ithaca, New York, U.S.A 
* Since first-order reactions are never absolutely complete, 99 decarboxylation is here referred to 
as “complete” or “total’’ decarboxylation 
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1oes 


f production, is very small 


I 


lisposal 


l 
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8 hr!-'8 and 15 hr; 70 min” and 3-4 hr" have been proposed 


chloric acid saturated with sodium chloride. A reaction period of 


both 13%, and 18% hydrochloric acid. For 19%, acid, reflux 


this has been increased in more recent papers to 2 hr’? 


y of uronic acids has been made over the past 


*n by the classical decarboxylation reaction 

mal decarboxylation*” and (4) colorimetric methods 
he decarboxylation method was by far the most reliable 
to verify the correct reaction-time for a given set of con- 


facilitated when potassium-b-glucuronate, labelled at C, (the 


iS 


available 


XPERIMENTAI 


C were purchased from the Radiochemical 
» slucuronate at the time 


Its purity was 


lled compounds was swept by the nitrogen scrubbing gas 

nterprises (G.B.) Ltd.] mounted in a photomultiplier: the cell 

ting 'C labelled vapours. The photomultiplier was attached 

pe 101I4A) whose | ilse Output was counted on a two-decade fast scaler (1 ype 


1 


decade electri r. Preliminary experiments showed, however, that 


xide occurred on the plastic surfaces of the scintillation cell, giving a large 
rsisted for several hours. The small amounts of furan, efc.,evolved™* as reaction 
cids may have had a slight solubilising effect on the plastic surfaces, leading 
f carbon dioxide cell was therefore replaced by a flow-cell 
le mica end-window ( window density) of a Geiger tube acted as one 
e Geiger tube (fed from a power unit, Type 1007 with a suitable potentiometer) 


is the photomultiplier, but showed much better response to changes in the !*€ 
t ~ 


re used in all the experiments reported 


with labelled barium carbonate 
on apparatus used was originally designed*® to facilitate both analytical deter- 
etic studies. The amount of “‘dead-space” had been minimised, but a potential 
the possible absorption of carbon dioxide in droplets of water adhering to the 
aces. At the outset it appeared that this effect was unlikely to be significant, 
me of carbon dioxide liberated in any determination (e.g. from 30 mg of a pure 
not exceed 4ml; with a steady nitrogen flow-rate of 15 ml per min through an 
al volume 150 ml, the partial pressure of carbon dioxide, even at the time of 
Although the recovery of all carbon dioxide liberated 


id been carefully verified®® during the development of the apparatus, the extent of 


irbon dioxide by the apparatus was nevertheless investigated. 


1 carbonate was weighed in a small glass bucket and placed in a special reaction 


side-arm dropping-funnel for addition of acid (cf. ref. 20). The ground-glass joint 
oined to that of a standard decarboxylation apparatus”? which, immediately 
used in a routine determination so that the surfaces of its cooling coils were 


mal equilibrium amount of water. After scavenging the assembled apparatus 


to Dr. R. Scott, Biophysics Dept., University of Edinburgh, for making this cell and 
| the counting equipment used in these experiments (see J. Sci. Instr., 1961, 38, 31). 
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with nitrogen in the usual way,?° acid was added dropping funnel. The ex perimental 


respects except that more dilute acid w 


C 


conditions were therefore reproduced in all s used. The 
stream of flow-gas reaction products was passed through th unting 


CC 


titration-cell®?® charged with baryta. Table | shows 


TABI RECOVERY OF 


Total 


count 


400 624 


OOO 9 900 10.601 
500 21.000 : JE ASA 


4 + 


1.600 § 300 
000 2.700 


RO 300 


dioxide found, 
as determined by the usual barium carbonate 
another experiment, arbonate were mixed wi 10-50 mg of AnalaR 
arbon te: the cell titration > carbe xide equivalent te barium carbonate; 
ound count v 54 and the true l ‘+r min, after 


acid was weighed 


Rate of liberation of radioactive CO, from glucuronate 


Curve (a): 19 V 1. hydrochloric acid 
1 


Curve (6): 12 aq. hydrochloric acid 
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n conditions, and reagents were all as previously described.* The stream of 
products was passed via the counting cell into the standard titration-cell.’ 

For convenience, the 


1 19 


and (w/w) aq. hydrochloric acid 


with both 12 
was switched on was taken as arbitrary zero 


RESULTS 
or the decarboxylation of potassium-b-glucuronate-6-"C (7-10 mg) 
the counts quoted are 


shows the 


I 
| 


shown in Table II: 
Table II] 


\ jrochloric 
(w/w) aq. hydro- 


hyd acid are 
litial background and for detector dead-time 


ied when a sample (6°05 mg) was decarboxylated in 12 


ected counts given in Tables II and III are plotted against the 


| COT! 
me, (see Fig. 1) extrapolation of the reaction-curves shows the 
reactions t (This arises 


o occur at 14 and 18 min respectively 
10 min after the heater was switched on: 


(a) Reflux began about 
‘volution of on dioxide begins, however, before reflux temperature is reached 
e of 15 ml per min and a decarboxylation apparatus of volume 
nust elapse before the first traces of carbon dioxide 


(h) For 

approx. 150 ibout 10 min 1 

liberated a counting apparatus.) 
HYDROCHLORKI ACID 


moles CO per 


| | 
ole giucuronale 


540.660 
$42,442 
544,220 


After correction of the times shown in Table II to the true zero-time of the reaction, 
7-4 10 1 sec l 


calculation of the rate constant by Guggenheim’s method” gave k, 
After corresponding correction of the times shown in Table III, 
10-* sec. 


for 19% acid 
subsequent calculation™ gives the rate constant for 12% acid as k, 1-6 





Acid decarboxylation reaction-times 


DISCUSSION 


The barium carbonate experiments indicated that recovery of the carbon dioxide 
liberated in a rapid reaction is quantitative, to within 1°, in | hr. This period was 
I 


TABLE III. DECARBOXYLATION IN 12 W) HYDROCHLORIC ACID 


Time, * True count’ otal correcte moles CO per 


min per min int? mole glucuronate 


70 (background) 
291 
3,724 
409 
3.204 
472 
163 
140 
421 


444 000 
456,309 
464,885 
470.887 


473.653 
Table II 


independent of the sample-weight, and there was no prolonged retention of carbon 
dioxide in the apparatus. 

lable Il shows that, for 19% acid, the true count per minute reaches a low 
steady value after 210 min (200 min from start of reflux). This is therefore the time 
required for complete decarboxylation with the present apparatus and reaction 
conditions. In terms of the total carbon dioxide evolved, however, (i.e. labelled 
unlabelled) the yield equivalent to the percentage purity of the labelled material is 
obtained in 140-160 min from start of reflux (cf. ref. 20). This is the correct analytical 
reaction time; although decarboxylation is only 98-99 complete, the total yield of 
carbon dioxide includes >1°, from side reactions. Generally, the correct reaction- 
time may vary within small limits (say 10 min) depending on the apparatus design 
and also, to a small extent, on the flow-rate. 

This may explain small differences from the reaction-times quoted by certain 


previous workers. It will not, however, explain the wide range of reaction-times 


covered when all previous recommendations are considered. The undesirable use of 
an oil-bath, maintained at 145°, to sustain a reflux temperature of 109” has already 
received comment.” 

A similar consideration of the results in Table III shows that, under our conditions, 
the analytically correct time with 12% acid is 270-290 min from start of reflux. At 
that time, which agrees well with that proposed by several previous authors,'*,?6.?" 97 % 
of the total carbon dioxide comes from decarboxylation and 3% from side-reactions. 
It now appears that the widely differing times proposed by other authors!!*."4.?8 


must be regarded as being in error. 
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the rate of decarboxylation is much slower in 12° than in 19% acid, 

olution of carbon dioxide from the side-reactions involving decarboxy- 

> altered (cf. ref. 18). Since the reflux period for 19% acid is 

the amount of spurious carbon dioxide formed is propor- 

lis finding is supported by results obtained”! for the decomposition of 

‘ate materials. It has been suggested"** that the use of 19° 

ces errors by increasing the amount of carbon dioxide produced in side- 
results directly oppose these opinions. 

ydrate materials, uroni 


In these the glycosidic linkage is particularly stable to hydrolysis ; 


rs in polyuronides. Experiments with 2-x%-b-galacturonosido-L- 


acid groups are generally present in the form of 


’ from / tazo arenaria) and with trigalacturonic acid and 


however, that their decarboxylation curves in 19°% hydrochloric 


that of the labelled glucuronate. It is therefore believed 


hed in this work are generally applicable to hetero- 
é r 


F.R.S., for his interest in these studies, 
Research for a maintenance grant (to S.G.). We are 
ns Financial support (for the purchase of “C com- 


icknowledged 


Zusammenfassung— Dic tion t rur vollstandigen (99°.) Decarbo rung von Glucuron- 
ind 360 Minutenim 19 bzw. 12 ige (Gewichtsprozent) 

t. Die entsprechenden Geschwindigkeitskonstanten 

Da jedoch Kohlendioxyd durch gleichzeitig 

analytisch korrekte Ergebnisse (durch Fehler- 

160 und 270-290 Minuten fiir die beiden oben 

iger Sdure erhaltenen Resultate sind zuverlassiger, 


llierbaren Nebenreaktionen zu geringerem Grade entwickelt wird 


yn 


uur la décarboxylation complete (99 > facide glucoronique 


nt respectivement 200 et 360 minutes, au commencement du 


t 

} 

14 
1 14, S( 


rho! 
cide chlorhydrique a 19% et a 12% en poids. Les constantes 


iqueuses d ac 
‘et 1,6 10~-* sec A cause de 


ire correspondantes sont 7.4 10°-* sec 
\ique par réactions secondaires, des résultats analytiques 


tion des erreurs, dans des temps plus courts: 140-160 minutes 


270-290 minutes pour l’acide a 12 Les résultats indiquent aussi que 


rec ‘ a 
anhydride carbor 
compensa 


19 réduit au minimum [erreur provenant de la production d’anhydride 


tions secondaires, contrairement aux opinions publiées 
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THE DETERMINATION OF RHENIUM IN ROCKS BY 
NEUTRON-ACTIVATION ANALYSIS 


Morris*® and F. W. FIFIELD 


College of Technology, London 


to the determination of rhenium in rocks 
well Pile BEPO 


using Carriers, 


~ 


summary 


re irradiat 


Ss 


and the chemical 


' , 
samples Gl and | are reported he 


t 


10 ppm Re 


n in rocks is extremely low and a very sensitive method of 
the geochemical behaviour of the element is to be established 
present paper reports a neutron-activation procedure for the deter- 
im in rocks, with an ultimate sensitivity of ca. 5 10° ppm of Re 
ind Brown! have previously employed neutron-activation in determining 


1 they report values ranging from 0.25 to 1-4 ppm. of 


) neteorites, and 


CL itVi I 


nd co-workers**" have used the method to determine rhenium in molybdenites 


| 1 j 
be classiiied 


yncentrations found in rocks are generally much lower than those found 


Om 


from the geochemical point of view as a siderophile 


in molybdenite and iron meteorites.’ 


NEUTRON-ACTIVATION OF RHENIUM 


Naturally occurring rhenium consists of two isotopes, Re (abundance 37-07%) 


and '*’Re (abundance 62.93%). The latter isotope is radioactive,’ decaying by p-- 
emission with a half-life of 6-3 10'° years to '**Os. This decay may be of use for 
determining g gical ages 


On with neutrons of thermal energies, rhenium gives rise to radio- 


nuclides by ollowing nuclear sequences 


186 


> Os (stable) 


> 186W (stable) 


> 88QOs (stable) 





Determination of rhenium by neutron-activation analysis 


Isotopic thermal neutron-activation cross-sections, o, for the nuclear reactions’ are 


‘SRe(n,y)!**Re o 


100 barns 
'S7Re(n,y)'88R 


Xe oO 75 barns. 
The radionuclide !°°Re was used in the present study. Its decay scheme® is shown 
in Fig. | 


186 Re (ty = 88-9hr) 
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XPERIMENTAI 


nter 
iiquots oO 


} } 
ubes, W Cn 


aluln 


Miu 


Harwell, fo 
r BEPO with 


neutron- 


a thermal 


n ot! imples before irradiat 
» / , 7 | r fi ,? 
Radioche Micali Separano 


owing delivery from H irwell 


the samples ind standards were left to ** 
ind then were assayed radiochemically fo g 


y Xe A procedure i 
and solvent extraction’ was used 


cool 
volving carriers, precipi 
tation, tion of rhenium from the 
samples 


irradiated rock 


> , . j | /; , , , 
Preparation and standardisation of rhenium carrier 


Dissolve 8-1 g of KReO, (Johnson Matthey and Co.) in 1 litre of H,O 
Pipette exactly 5 ml of the carrier solution into a 100-ml beaker. Add 
warm to 60 Then add an excess of 


I 


20 ml of 0-6M NaCl and 
mixture, and allow to stand overnight 


0-05M tetraphenylarsonium chloride, (C,H;), AsCl. Stir the 


Filter through a porous porcelain crucible, and wash several 

at 110° and weigh as (C,H;),AsReO,.?° 

Radiochemical separation proc edure for rhenium in rocks 
Step 1: 


i 


times with ice-water. Dry 


Remove the irradiation tubes from the can, open them at the constriction, and transfer 
the powdered rock samples quantitatively to nickel crucibles. To each add 4 g of powdered Na,O, 
and mix thoroughly. Finally, cover the mixture in each crucible with a layer of Na,O, and heat in an 
electric muffle furnace at 500° for 10 min 


Remove the crucibles from the furnace and quickly cool 
4 
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ter. Transfer the cake from each crucible to a 


beaker of wa 


] 


Dissolve the melt carefully in a small quantity of H,O and 


1 steam-bath. (Note a) 
he final HCI concentration is ca. 3M. Centrifuge and 
be. Heat the s¢ tion nearly to boiling ona 


heating (Note c) 


heating with 
yness (Note d) 
1 by agitating witha 
nd combine the organic 


5M NaOH. Combine the 


f0-05M (C,H;), 
e Drecipitate with a 


$). Dry at 110° for 10 


hy 


re with carrier has been brought abot 


ul 


} 


not be boiled, since perrhenic 


hould 


it 163 


rhenium in the organic phase) 


of rhenium in the aqueous phase) 


liochemical procedure are as follows 


VU H.SO, D 2-9 
benzyl alcohol-SM NaOH D 0-07 
methyl ethyl ketone-SM NaOH D 4-3 


measured using Re as tracer 


he ketone at a controlled temperature of 70—75° with air-sparging 


lient tin *n the silica tubes containing the Re standards. Using a transfer pipette 


fine point, transfer the Re solution quantitatively to a 100-ml calibrated flask and 


y with H,O. Dilute to the mark with H,O. Transfer a suitable measured aliquot, de- 


yunt of Re to be expected in the sample, to a 50-ml centrifuge tube. Add 2 ml of 
20 ml of 0.6M NaCl. Precipitate (C,;H;), AsReO,, mount, dry and weigh it as de- 


f the procedure for rock samples 


AsReQO, precipitates 


the final precipitates of (C,H;), AsReO, from samples and standards were 


thin end-window Geiger-Miiller counter (EHM 2/S). An aluminium absorber (26.9 
nserted between each source and the detector. All measured activites were corrected 
nad 


ACKLTOUNKC 


ind chemical yield 
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Decay measurements on the final precipitates were performed. After ca.100 hr from the end of 
neutron irradiation the decay curves were straight lines corresponding with the half-life of }**Re 
Extrapolation of the straight line portions of these curves to zero time, or to any arbitrary time, gave 
an activity reading for samples and standards from which the rhenium content of the original material 
could be found from the relationship 

Weight of Re in a sample 
Corrected counting 


Weight of Re in a standard 
' Corrected counting rat 


Aluminium absorption measurements on final precipitates gave a value of 1.08 Mev for t 


mum /--energy (the literature value* for '**Re 72 Mev). Additional confirmat 


was the only radionuclide being assayed was obtained by measuring the y-ray spectra 


wh 


cipitates with a Nal (T1) crystal scintillation spectrometer. Typical spectra are sh« 





Gamma-ra\ 


RESULTS 

In Table I are shown results of neutron-activation analyses of rhenium in the 
standard granite Gl from Westerley, Rhode Island, and in the standard diabase W1 
from Centreville, Virginia. Uniform specimens of these rocks have been widely 
distributed by the U.S. Geological Survey as standards for both major and minor 
constituents in igneous rocks."»'* Owing to the extremely low rhenium contents and 
the possibility of contamination, e.g. in the initial grinding of the rock samples, it is 
felt that the results should be taken as representing maximum values. 
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Analytical results for rhenium in other rocks will be published elsewhere. It is of 


it the values of 0-010, 0-012 ppm were obtained for the rhenium 
precipitated silica (Johnson Matthey and Co.) 
INTENTS OF THI 
Gl AND THI 
DETERMINED 


ANALYSIS 


0-0007 
0-Q0O06 
0- OOO 
()-CO0O06 


O-OUOO0OS 


work was tested by adding 0-2 
0-0003 ppm element 


tivation the rhenium found 


DISCUSSION 


neutron-activation, consideration must 


other elements 


present work does not provide a 
] 


the radionuclide °°"Tc (t) 6 hr: 


e produced in the neutron-irradiation of rocks 


Te(n } 


) 


’Tce(n,n’) 


) 


‘Ru(n,p) 


ised by the formation of °° 


Ic should be apparentfrom decay 
n the final precipitates from rock samples. In the present study 
eed to separate technetium chemically but this could have been done, 
n-exchange.!*.!4 
Attention must also be given to the possibility of formation of rhenium radio- 


om tungsten by the sequences 


IW (n, ) AW — = . 'S>Re(n,yv)'Re (1) 
ts; 4d 


186W (ny) 187W > 187Re(n.y)!8Re . (2) 
, t} = 24hr ; 


yed in the radiometric assays would absorb conversion 


0.11) decay of **™Tc 


electrons 
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[he abundance of tungsten in igneous rocks has been quoted* as 1-5—69 ppm 


(activation analyses” have shown that Gl contains 0-12 ppm of tungsten and WI contains 


1 


0-43 ppm). It may be shown by calculation.” that under the neutron-irradiation 
conditions employed in the present work the '**Re activity produced from 50 ppm of W 
In a rock by sequence (2) corresponds to that produced from 0-00075 ppm of rhenium 


Because of this possible interference, '88Re has been allowed to decay away and only 


Re has been assayed in the present work. Fora rock containing 50 ppm of W the 


“Re activity produced by sequence (1) corresponds to that from only 4 
of rhenium 


Rhenium-186 could als 


Re rok 
NOESCATL 
acknowledgec 


The 
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SHORT COMMUNICATIONS 


Sur un principe de colorimétrie en milieu non aqueux—lII] 
L’emploi du chlorure de p-nitrophénylazobenzoyle pour le dosage 


des amines primaires et secondaires 
(Received 24 March 1961. Accepted 4 May 1961) 


Le CHLORURE de p-nitrophenylazobenzoyle a ete precédemment retenu pourcaracteriset 
les alcools.' Selon nos essais, l‘emploi de ce reactif pour la colorimétrie des amines 
est possible en milieu non aqueux, sur le principe que nous avons precedemment 
énonce.” On parvient ainsi, dans le diméthylsulfoxyde, a developper une coloration 
sans isolement préalable de amide forme, ni élimination de l’excés de réactif. 

Apres acylation de l’amine en dioxane par le chlorure de p-nitrophenylazobenzoyle, 
l’addition d’hydroxyde de benzyl-trimethylammonium puis d’eau oxygénée en diméthyl- 
sulfoxyde conduit a une coloration rouge (510 my) qui n’est pas observée en absence 
d’amine. La réaction est fournie par les amines primaires et secondaires et, la loi de 
Beer étant satisfaite, des dosages sont possibles sur des prises d’essais de l’ordre du 


centieme de milligramme (Tableau 1). 


TABLEAU | 


Prise d’essai, wg, pour obtenir une 


Amines dosées 
densité optique de 0,3 en cuve de | cm 


{mines aliphatiques 
Benzylamine a (a 510 mz) 
Butylamine a (a 510 mz) 
Ethylamine : (a 510 my) 
Propylamine 4, (a 510 mu) 
Dibenzylamine (a 500 mys) 
Dibutylamine 2 (a 495 my) 
Diéthylamine (a 495 mu) 
Dipropylamine (a 495 my) 


Amines aromatiques 
Aniline 25 (a 510 ma) 


Methylaniline 16 (a 510 my) 


* Dans ce cas, la densité optique est égale a 0,11 


Les amines tertiaires et les alcools ne sont pas révelés dans les conditions opera- 
toires ici décrites; leur présence n’apporte donc pas de géne au dosage des amines 


réactives. 
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PARTIE EXPERIMENTALE* 


a 0,01 pour cent dans le dioxane 

et refroidie d’hydroxyde de henzyltriméthy!- 
ilfoxyde, obtenue par dilution par 20 
bur cent de Vhydroxyde d’ammonium. 


diluant 0,5 cm® d’eau oxvgénée 


Cll 


CSUTTIC 


- 


Summary 


deve oped 


Zusammenfassung yen gem Medium die bei friiherer Ge- 
/ | | | 1, 8 556). wurden jetzt v itergefuhrt, so 
lie p-Nitro- 


Amine einschleissen 


Dimet 


rhe use of ruthenium tetroxide as a catalyst in redox titrations 


(Received 6 April 1961 iccepted 4 May 1961) 


INTRODUCTION 


irsenious oxide by ceric sulphate in an acid medium is probably the classic example 
hat needs to be catalysed in order that it may proceed at a rate that renders it useful as 
tical procedure. lodine monochloride is occasionally recommended as a Catalyst' but a 


an analytics 
1 tetroxide in sulphuric acid is the reagent that finds almost universal application.” 


solution of osmiun 
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In a recent review article on oxidations in alkaline media’ it would appeal that the desired catalytic 


effect is provided exclusively by osmium tetroxide. In view of the chemical similarity between osmium 


1 | 


and ruthenium tetroxides, it was thought like that a solution of ruthenium tetroxide in sulphuric 
acid could equally well be employed as a catalyst, and it was considered worthwhile to study reactions 
in both ¢ and alkaline 1 lia trati ff arsenious oxide with ceric | ite and of sulphite 


1 fert inide were chosen as ng representatiy reaction d and iline media respec 


XPERIMI 


ft O-LN 


ex, England 


resence O 


nl) of O-1N arseniou lution were diluted with 50 ml of dilute sulphuric acid 
2 drops of “Fe in’ indicé ution were added, followed by varying amounts of 


; } 


ruthenium tetroxide solution. Ceric sulphate solution was added until a colour change was observed 


The results are given in | and although these indicate that a good end-point could be obtained 


the amount of ruthenium tetroxide solution used appeared to be very critical. Using a potentiometric 


TABLE | TITRATION OF ARSENIOUS OXIDE WITH CERIC SULPHATE IN THI 


PRESENCE OF RUTHENIUM TETROXIDE 


RuO, taken, ; 
‘el Remarks 


Reaction very slow. End-point difficult to detect 
Reaction very slow. End-point difficult to detect 
Reaction very slow. End-point difficult to detect 
Good end-point. No fading. 

Good end-point. No fading 

Good end-point. No fading 

Good end-point. No fading 

Colour change indistinct 

Colour change indistinct. 


method of end-point detection, reproducible results could be obtained, but the end-point was inferior 


to that using osmium tetroxide. Furthermore, it was found that the catalytic effect of the solution 


depended on its age; thus, a freshly prepared solution showed no catalytic properties, whereas after 
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olution was strongly ¢ ve. On standing for 2 days 


y diminished. No explanation is offered for this behaviour but it must be 


however, the catalytic 


) tetroxide has no advantage as a catalyst in the Ce As*® system 


ie 


1 to 200 ml portions of 5A 

6 drops of ruthenium tetroxide solution were 
| yUutIOnN, With continuous 

lum /Saltu- 


pote! tial, 


' ] } > 
produ ible 


still effective ev 


DIUM SULPHITE 
FERRICYANIDEI 


RUTHENIUM 


Sulphite found, 


aH 


2:0 


From these figures it may be concluded that ruthenium tetroxide can satisfactorily replace the 
corresponding osmium analogue and is to be preferred in view of its relative non-toxicity and its 
lower cost 


DISCUSSION 


The formulation of ruthenium tetroxide and osmium tetroxide in aqueous solution is open to 


discussion 


It has been suggested that at least two possibilities exist? as shown in A and B, although 


it is admitted that no experimental evidence is available to support either configuration. 


H,O O 
I! 


O—M—O 
O H,0 
A 
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In addition, conflicting results on the measurement of the bond lengths of both tetroxides appear 
to have been obtained. The evidence offered by Brockway suggests that the four bonds are of equal 
length, whereas Braune and Stute’ claim that the bond lengths of both ruthenium and osmium 
tetroxides are in two equal pairs. Brockway’s measurements would suggest formula A whereas Braune 
and Stute’s results favour B 

rhe present work suggests that osmium tetroxide is a stronger catalyst than the ruthenium ana- 
logue and this may possibly be explained by assigning different structures to the two compounds. The 
stronger catalytic effect of osmium tetroxide would suggest the immediate availability of more oxygen 
atoms than in the case of ruthenium tetroxide. For this reason, formula A would appear to be more 
in keeping with the properties of osmium tetroxide and formula B would explain the weaker catalytic 


effect of the corresponding ruthenium compound 


{cknowledgement—The author wishes to thank The International Nickel Company (Mond) Ltd., 
for permission to publish this paper 


J. KEATTCH 
The Internati mal Nic kel Company ( Viond) Limited 


Development and Research Department 


London, England 


Summary—lIn the titration of arsenious oxide with ceric sulphate, ruthenium tetroxide can be used as 
a catalyst only if a potentiometric end-point is employed. On the other hand, in the oxidimetric 
determination of sulphite with ferricyanide, a potentiometric end-point is obligatory and the reaction 
is catalysed equally well by ruthenium or osmium tetroxide. The former is to be preferred on the 
grounds of its relative non-toxicity and lower cost. 

Zusammenfassung—Bei der cerimetrischen Titration von Arsen(II]) kann unter Verwnedung von 
Rutheniumtetroxyd der Endpunkt n otentiometrisch indiziert werden. Bei der Bestimmung von 
Sulfit mit Ferricyanid jedoch wird der potentiometrische Endpunkt gleich gut von Ruthenium- wie 
auch Osmiumtetroxyd katalysiert. Die Rutheniumverbindung verdient den Vorzug, weil relativ 


ungiftig und billiger 


Résumé—Dans le titrage de l’oxyde arsénieux par le sulfate cérique, le tetroxyde de ruthénium ne 
peut étre utilisé comme catalyseur, que si le point équivalent est déterminé par potentiométrie. 
D’autre part dans le dosage oxydimétrique du sulfite par le ferricyanure, le tetroxyde de ruthénium 


ou le tétroxyde d’osmium catalysent également bien la réaction si le point équivalent est déterminé 


par potentiométrie. Le premier doit étre préfére a cause de son prix inférieur et du fait qu’il n’est 


relativement pas tres toxique 
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lables under review, and similarly, in Part Il, more than twice as 


many inorganic ligands are included as are here. A detailed comparison of the two sets of Tables 
resent compilation that are not also found in the Chemical 


constants of complex compo 


rands, 1958) is a far more comprehensive work. To take only one example, Part | of the Chemical 


f the complexes of metal ions with 464 organic 


ids as compared with 


shows that very few data are found in the p 


society publications 
If this book had appeared in English translation four or five years ago it could have been recom- 
Now, however, it must be 


mended as being the best available collection of stability constants 
need for reference data of this kind will still be better served by the 


admitted that those who find a 


earlier Chemical Society compilation 
S. M. NELSON 





1 Press Ltd, Printed in Northern Ireland 


NOTICES 


CANADA 
Eighth Ottawa Symposium on Applied Spectroscopy: 


196] 


DEMOKRATISCHE REPUBLIK 
Thema Neuere Methoden der Stahl-Eisen-Analyse: 


Vaterial é ld Wi renprujung, und 
DDR. Magdeburg 
und Warenpriifung, Prifdienst- 


DEUTSCHI 
font ful 2 
halt in dei 
scge Amt fiir Material 
DDR), Grobe SteinernetischstraBe 4 
Dezem 1961 Tagung, Thema Reinstoffe in Wissenschaft 


/ ) / ) R 


sCLLSE 


in Technik: | 
P ha 1der DDR. Dresde 
yaft in der DDR 


\ 


UNITED KINGDOM 
Institute of 


Joint Conference on Mass Spectrometry: 
1.8.7.M. Committee E-14. Rhodes House, Oxford 


< nd 


London, S W 


Sixth Congress of the International Society for Fat Research. 


ynsort Road, 


research techniques luding analytical 


Lhe 


Prince ( 


ver new 


bership and for submission of papers may 


en 
H. JASPERSON, 14, Belgrave 


SRADLEY and 


Dr 


B.S.1. News: 
Iron in ingot 


1961 
1, and recommended 


i, 


in and tin alloys: Part 10 
S specifies reagents require 
ocedure for the determination of iron in ingot tin, tin-lead solders 
an iron content up to 0.03 °%. (Price 3s.) 


lowing revised British Standard 

his describes the preparation of sample and 
termination of moisture, curd and salt, salt, curd, fat, titratable acidity, 
, acidity in butter fat, saponification value, refractive index of butter fat, 
um. (Price 7s. 6d.) 


UNITED STATES OF AMERICA 
{merican Chemical 


ptember 1961: Eleventh National Chemical Exposition: 
International Amphitheatre, Chicago, III. 


626 





Notices 627 


Wednesday—Friday 6-8 September 1961: Joint Nuclear Instrumentation Symposium: J/nstrument 
Society of America, Institute of Radio Engineers and American Institute of fF trical Engineers. North 
Carolina State College, Raleigh, N.C 


VMonday—Friday 11-15 September 1961: Sixteenth Annual Meeting and Fall Instrument-Automation 
Conference and Exhibit: Jnstrument Society of America. Biltmore Hotel (Confer )and Memorial 
Sports Arena (Exhibit), Los Angeles, Calif 

Vonday—Friday 5-9 March 1962: Thirteenth Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy: American Chemical Society, P 

Penn-Shearaton Hotel, Pittsbur rh, Peni 
f Metals, Ga 


+ 


Appli 


nanetr 
yapers S 


ed Researcl 


e for titles 





PAPERS RECEIVED 


Photometric Titrations—III: The Chelometric Titration of Cadmium in the Presence of Zinc: H 


} < } GANCHOFI (30 M 1961) 


Quantitative Paper Radiochromatography Using Tollens Reagent—I: The Application of | for 


Radiometric Determination of Monosaccharides and Polyols: JANuUSZ Z. BEER. (30 May 1961) 

Volumetrische Bestimmung von Magnesium in Gegenwart von Calcium: R. FABREGAS, A. BADRINAS 

\ P +() VJ 

Contributions to the Basic Problems of Complexometry—VII: Estimation of Copper and Iron: 
R P VLADIMIR VESELY 31 May 1961) 

Spectrophotometric Determination of Rhodium after Oxidation with Hypobromite: Fi 

J 
Photometric Tit IV: The Consecutive Titration of Calcium and Magnesium: 
J ) June IO1) 
niversal Automatic Recording Titrator: ANTONY ANTON and 
of Hydrolysis of Thiolacetic Acid in Basic Solutions: M. ¢ 
1 the Use of Vanadium’ -sulfosalicylic Acid Complex as a Redox Indicator: 

R R D. SATYANARAYANA. (6 June 1961) 

A New Sensitive and Specific Test for Vanadium’ with Sulphosalicylic acid as Reagent: \ 

ID. SATYANARAYA)D (6 Ju 

litrimetric Determination of Orthophosphate with Uranium’*: Use of Resacetophenone-oxime as an 
External Indicator: C. RAMA Rao. (6 Jun 

Contributions to the Basic Problems of Complexometry—VIII: The Determination and Masking of 
Aluminium: R LF PRipiL and VLADIMIR VESELY. (9 June 1961) 

Some Theoretical and Practical Problems in the Use of Organic Reagents in Chemical Analysis—I: 
Effect of Donor 7 Bonds on the Stability of Chelate Complexes Containing Sulphur: K. BURGER. 
12/ 1961) 

A Polarographic Study of Dissolved Oxygen—I: V.S. GrirrirHs and M. I. JACKSON. (12 June 1961) 

A Critical Examination of Methods Used for the Determination of ‘*Available Oxygen’’ in Higher 
Metal Oxides: D. A. PANToNy and Mrs. A. Sippiqut. (13 June 1961) 

Thermogravimetric Analysis of Potassium Hydrogen Phthalate: A. E. NEWKIRK and RENETTE LAWARI 
(13 June 1961) 

Chelatometric Determination of Cyanide, Thiocyanate and Chloride in Presence of One Another: 
ARTHUR DE Sousa. (14 June 1961) 

Applications de la Chélatométrie—XV: Dosage Volumétrique du 6-Pureinthiol: CLAUDE HENNART. 
(16 June 61) 

Semimicro Determination of Strontium and Calcium in Mixtures: C. HEITNER-WIRGUIN and A. ALBU. 
(20 June 1961) 





Fic. 1. A. STEYERMARK (U.S.A.), Chairman of the Committee 
for the International Symposium on Microchemical Techniques, 


13-18 August, 1961, organised by the Metropolitan Microchemical 


Society under the sponsorship of I.U.P.A.C., welcomes par- 


ticipants at the first Plenary Session 





FIG Speakers at one of the 
Symposium (left to right): A. M 
W ALDMANN 
K UHNERT (Aust! 


Technical Sessions of the 


S.A.), A. LACOURT 
BRANDSTATTER- 


TFROZZOLO (1 
(Belg um), H 


(Switzerland), M 


ia), A. Korver (Austria) and W 


C. McCroni 
(U.S.A.) 


FIG 3 
Symposiu 
W 


A group on the campus of Pennsylvania State University, U.S.A., where the 
m was held (left to right): G. INGRAM (U.K.), H 
( L. OGG (l 


MALISSA (Austria), 
SCHONIGER (Switzerland) S.A.) and S. H6uz- (Austria) 





Talanta, 1961, Vol. 8, pp. 629 to 640. Pergamon Press Ltd. Printed in Northern Ireland 


DIE BESTIMMUNG KLEINER FLUORMENGEN 
EINE KRITISCHE UBERSICHT 


ROMAN VALACH 
Geologische Zentralanstalt, Prag, Tschechoslowakei 
(Received 20 February 1961 {ecepte d 27 March 1961) 
Zusammenfassung—Eine kritische Studie, in welcher festgestellt wird, dal bei den verschiedenen 
['ypen der Fluorbestimmung sowohl mit als auch ohne Trennung im Prinzip dieselben Komponenten 
stéren. Eine Gleichung, welche die Verhaltnisse bei der destillativen Fluorabtrennung wiedergib 
wurde abgeleitet und mit ver6ffentlichten, experimentellen Resultaten verglichen. Die Literaturanga- 


ben sind nur selten alter als aus dem Jahre 1955 


Die Bedeutung der Fluorbestimmung ist vielseitig. In Trink-und Mineralwassern und 
weiter in der Luft, hauptsachlich von Aluminium- bzw. Fluorwerken, ist es aus 
gesundheitlichen Griinden notwendig, den Fluorgehalt zu verfolgen. Da die Grenzen 
des hygienisch unbedenklichen Fluorverbrauches manchmal sehr eng angegeben 
werden (1,3—1,5 mg pro Tag),' miissen die Bestimmungen genau durchgefiihrt werden. 
In der Hydrogeologie beurteilt man nach der Fluoridkonzentration die Genese 
mancher Thermalwasser und in der Archéologie das Alter der Knochen nach der 
Relation ihres Fluorgehaltes zu ihrem Phosphatgehalt. In der Industrie, organischen 
Chemie und Physiologie ist es z.B. notwendig, Fluorverunreinigungen im Aluminium, 
das unter Zusatz von Kryolith hergestellt wird, oder Fluor in einer Reihe bedeutendet 
organischer Verbindungen (Freone, Teflon, “*Nerven’’-Gifte, usw.) zu bestimmen. 

In natirlichen Materialien und hauptsachlich in Mineralwassern kann das Fluor in 


einigen Formen vorkommen, namlich als Fluorid, Fluoaluminat, Fluoferrat, Fluosili- 


kat, Fluoborat usw. Deshalb mufi man vor allem seinen Gesamtgehalt bestimmen, 
welcher meistens ungenau als “Fluoridgehalt”’ bezeichnet wird. Diese Arbeit gibt 
eine kritische Ubersicht der diesbeziiglichen analytischen Methoden. In der Zukunft 
wird es jedoch notwendig sein, auch einzelne Existenzformen des Fluors zu bestim- 
men, denn es erscheint von vornherein nicht ausgeschlossen, dal} der physiologische 
EinfluB von Fluorid ein anderer ist als der von stabilen Fluorsystemen. 

Die Bestimmung kleiner Fluormengen wird gegenwartig meistens spektralphoto- 
metrisch und photometrisch durchgefiihrt. Zu diesem Zweck nitzt man vor allem die 
entfarbende Wirkung der Fluoride auf Farblacke und -chelate von mehrwertigen 
Kationen mit organischen Farbstoffen aus. Die Entfarbung anorganischer Komplexe 
ist weniger giinstig. Immer wieder studiert man die Lacke von Alizarin S, in diesem 
Zusammenhang gewohnlich nur als Alizarin bezeichnet,*~’ von Purpurin-Sulfat® 
mit Zirkonium und von Alizarin S mit Thorium;’: 
Kombinationen Anwendung: Chromazurol S,* Amarath,'® Thoron™ bzw. Phenyl- 
fluoron,'* Neothorin® mit Thorium; Eriochromcyanin R,“~'® Brenzkatechinviolett,*° 
SPADNS,”! weniger gebrauchliche Farbstofie**)*8 pt0e 


& 


neuerdings finden auch folgende 


‘und in letzter Zeit Xylenolorange 
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Aluminon,”* Haematoxylin,” Chromazurol S**-*" bzw. Eriochrom- 


gy ’ 


Salicylsiure,“* Antipyrin®? und eine Reihe anderer 


romotrosiure,** Phenylfluoron® und Ascorbinsaure** 
rurol S mit Beryllium.” 

sliche Verbindungen herangezogen, die bei der 

rierbare Komponente freigeben, z.B. Lanthan-” 


y»benzol-4-arsenat 


Phosphatase und 
e Redoxreaktion 


aktion mit Fluorid 


ktive Chelate 
Aluminium® 
freigeben.®* 
ver Zirkonelekti 
I luorbestim1 § 
*nden Komplexe (von threr 
des Reaktions- 
Verhaltnissen in den 
Fluor zu Kation sel 
s entstehen 
die sich eigentlich nur auf einige sehr 
itzen, werden die Resultate stets mehr 
hnliche Eigenschaften wie das Fluorion 
phate (welche praktisch bei allen Bestim- 
h von Zirkon, Thorium, Lanthan, Cer und 
bzw. auch Arsenate, Borate, Chloride usw 
ch Oxydationsmittel, z.B. Chlor, verursacht, welche 
Negative Fehler kénnen auftreten, indem 
luminium-, Eisen(II1) lonen bzw. Kieselsaure getarnt wird, oder 


Manganionen mit dem angewandten Farbstoff unerwiinschte 
auch von Cer(IIl)-aminomethylalisarin-N,N-Diacetat wird ein 
z.B. bei einem 650maligem Sulfat und 0,3maligem Aluminium- 
verursacht.4° Beim Gebrauch von Zr-Xylenolorange betragt nach 
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109 


vorlaufigen Angaben der Fehler eines Smaligen Aluminium-lIonen Uberschusses 


0°, und eines 1000maligen Sulfat Uberschusses 12 bei entsprechenderen Bedin- 
gungen, welche spater ver6ffentlicht werden, st6rt auch ein 3-5 Tausendmaliger 
UberschuB von Sulfaten nicht. 

Wenn man in der Methode,™ in welcher Belcher und Mitarbeiter das erste mal 
einen Farbstoff mit einer di(carboxymethyl)-amino-methyl Gruppe zur Bestimmung 
von Fluor ausnitzten, anstatt die Cer(III)-lone diejenigen von Zirkonium gebrauchen 
méchte, wirde man mit gr6Bter Wahrscheinlichkeit ahnliche Resultate wie mit 
Xylenolorange bekommen (log der Stabilitatskonstanten von CeF** und ZrF** sind 
3,11 und 8,71). Da die Konstante von CeF** markant kleiner als die von AIF? 
(6,13) und FeF=* (5,17) und gréBer als die von CaF* (0,51) und MgF* (1,30) ist und 


da bei der Methode**:"° Sulfate und Phosphate nicht betracht lich stéren, kénnte 


man sie mit Vorteil zur Bestimmung des freien bzw. wenig stabil gebundenen Fluors 


in vielen Wassern gebrauchen Den Einfluf8Z von Ca-lonen, welcher sich nach 


experimentellen Angaben''® schon von einem 10maligem UberschuB anoffenbart, 


wird man mittels Korrektionsnomogramme eliminieren missen. Das auf diese 
Weise bestimmte Fluor kénnte dem biologisch aktiven Fluor entsprechen—man kann 
sich némlich vorstellen, da} z.B. das Fluor, welches die Atmung der Pflanzen 
vermindert,!”" das die Enolase aktivierende Magnesium tarnt, welches die Respiration 
erhoht 

Aus héher angefiihrten Griinden ist es deshalb sehr vorteilhaft, in manchen 
Materialien, besonders in Aluminium, den Fluorgehalt spektrographisch auf Grund 
der Molekularbande von CaF und SrF zu bestimmen.®>®® im metallischen Zirkonium 
wird er in Heliumatmosphare mittels der Atomlinien von Fluor oder besser des 
Molekiilbandsystems von Zirkoniumfluorid'* bestimmt. Zur aktivierungsanalytischen 
Bestimmung von Fluor wurde die mit thermischen Neutronen induzierte Aktivitat 
des Isotops ?°F (Halbwertszeit- 11 sec.)® oder die durch schnelle Neutronen hervor- 
gerufene Aktivitat des Isotops ‘8N (7,6 sec.)®* benutzt. Die hofnungsvollste Reaktion 


19F(n, 2n)'SF (112 min., Empfindlichkeit 0,1 ug F)!™ 


wird sicher auch bald analytisch 
ausgeniitzt werden. Vor kurzem nitzte man auch die nukleare magnetische Resonanz!” 
aus. 

Da bei der Bestimmung des Fluor-Gesamtgehaltes eine Anzahl von Komponenten 
st6rt, versuchte man immer dessen Abtrennung. Am gebrauchlichsten ist hierzu das 
schon klassische Destillationsverfahren (s. Offermann 1890). Ihm wird deshalb hier 
besondere Aufmerksamkeit gewidment. 

In welcher Form das Fluor destilliert, ist z.B. in den Arbeiten ®*:’° beschrieben 
Bei dem iiberwiegenden Destillationstyp” 
aquimolaren Menge von Zirkonium uberhaupt nicht trennen 72 Aus dem Milieu einer 


kann man das Fluor von einer etwa 


konzentrierten Aluminium-Lésung ist die Geschwindigkeit der Fluorabtrennung eine 
im Prinzip logarithmische Funktion der Zeit’? und wird bei einem annihernd hundert- 
fachen Aluminium-UberschuB praktisch Null. Weiter fanden Rennert und Mitar- 
beiter’? bei der Destillation aus | g Pflanzenmaterial 30 ppm F und aus 10 g derselben 
Probe7 ppm F; z.B.in 1 und 5 g desselben Grases wurden 44 und 35 ppm F gefunden.”* 
Ein ahnlicher Effekt, welcher bei der Bestimmung von Fluor ohne Abtrennung von 
Aluminium beobachtet wurde, wird spater angefihrt. 

Die Ursache der erwahnten Schwierigkeiten liegt in der Abhangigkeit des Partial- 
druckes des abzudestillierenden Fluorwasserstoffes uber der Loésung von seiner 
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K onzentration in der Lésung, welche ihrerseits eine Funktion der Stabilitatskonstanten 
der entsprechenden Fluorsysteme und der Konzentration aller Kationen, Silikate und 
Borate in der Lésung ist. Da die Stabilitat der Fluorsysteme, insbesondere von 


Zirkonium und auch von Aluminium, auBerordentlich hoch ist,”® sind die Fehler, 


welche durch die Anwesenheit dieser Elemente im zu analysierenden Material 
markant. Die Resultate der Arbeiten’*:™ riihren davon her, 
vaagen die Komponenten, welche Fluorsysteme bilden, infolge 
ntration in der Destillationsl6sung das Fluor starker binden und 
ren Anteil herabsetzen 
drung fiir Unvollkommenheiten der destillativen 


abgeleitete Gleichung wiedergegeben 


(1) 


idene und s,, die zur Zeit ¢ abdestillierte 


Geschwindigkeitsgleichung |. Ordnung 


befindet. MF ist die einfachste 


las die destillative Fluorab- 


(3) 


Flufisiure bzw. des Fluorion- 


in der Lésung m MF bis MI 


(3a) 

Konzentrationen der Sadure und 
tilliert wird. mul man auch deren 
iedoch nur ein einziges System 


Cw) laBtsich 


(4) 


vasserstoff abdestilliert wird, gilt in 
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Wenn Kyp. Cy Kize- Cy+, dann 
wenn Ayy. Cy Kine + Cy+, dann 
Sormit geht Gleichung (2) in den Ausdruck 


dC, 


uber. Integration in den Grenzen f 0 bis ¢ liefert 


(C,,), ist die zur Zeit f, (C;,), die zur Zeit 0 vorhandene Fluor-Totalkonzentration in det 


Lésung. Der Konzentrationsverlust durch Destillation betragt (¢ 


wo vu das Lésungsvolumen bedeutet. Mit dem entsprechenden Ausdruck (¢ 


wird aus Gleichung (7a) schlieBlich die Gleichung (1) erhalten 


{ 
) 


wobei A den Wert von 
Die Grobe & enthalt wahrscheinlich nur 1 h die Abhangigkeit « der Fluorwasser- 


stofikonzentration C,,, in und c,,, uber der L6sung und mentelle Parameter, 


d.h. Werte, welche von der Form der Destillationsapparatur, der Destillationsgesch- 


t 


windigkeit usw. abh *n. Sie werden in der Grobe 7 zusammengefalbt, die man al 


quantitatives Mal} fur die Effektivitat d rt 


der einzelenn ffentlichten, bis jetzt aber 
objektiv 1 t vergleichbaren Varianten der destillativen Fluorabtrennung benutzen 
k6nnte. Im allgemeinen Falle kann die Grobe & auch die Geschwindigkeitskonstante 
k,,, des Zerfalles von MF in M* und F~ enthalten. Also 

Eine vorlaufige halbquantitative Bestatigung der angeftihrten In ‘tationen kann 
in der inletzter Zeit ver6ffentlichten Arbeit ‘°° gesehen werden, welche den Destillations- 
verlauf von Fluor aus einer sauren L6sung von Aluminiumfluorid verfolgt. Aus det 
Abbildung, in welcher auf der Abszisseder Logarithmus des nicht tiberdestillierten 
Fluorgehaltes log (S, s,) und auf der Ordinate die Zeit ¢ aufgetragen wird, ist 
namlich ersichtlich, daB der Verlauf des log (S, S,) Zuel lurch eine Gerade det 
Neigung—1,3 wiedergegeben wird, welche nacl 


der Neig 


1 einer bestimmten Zeit in eine Gerade 


ung 0.78 und endlich 0.42 ubergeht. Nach der oben entwickelten Vor- 


stellung sollten die einzelnen Destillationsgeschwindigkeiten, welche durch ihre 
Richtungsfaktoren charakterisiert sind, die man als Destillationsgeschwindigkeits- 
Konstanten bezeichnen kénnte, dem nacheinander verlaufenden Zerfall der zuneh- 
mend stabileren Systeme AIF,, AIF,* und AIF** entsprechen. Die Abhiangigkeit, 
welche durch Vergleich der einzelnen Richtungsfaktoren K A log (S; sp)/A 

mit den Logarithmen der Stabilitaétskonstanten der entsprechenden Fluoaluminate 
(siehe Fig. 1) erhalten wurde, befindet sich nicht im Widerspruch zu den Gleichungen 


(1) und (2), indem s;, bzw de,;,/dt den Stabilitatskonstanten der in der Lésung 


anwesenden Fluorsysteme indirekt proportional sind. Infolge der Dissoziation der 


Fluoaluminate, welche bei den weniger stabilen Systemen selbstverstandlich gr6Ber als 
bei den festeren ist, entstehen die Knicke der Destillationskurve erst nach dem 


Uberdestillieren von 60 und 82°, Fluor. Wenn aber in der Arbeit'®® aus einer Lésung 
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*hosphorsdure destilliert wird, welche die Destillation von Fluor im 


langsamt (Entstehung festerer ternarer Aluminium-Fluor-Phosphat- 
sich die Knicke in der Destillationskurve nach dem Uberdestillieren 
Fluor. Der letzte Knick deutet ziemlich genau auf die Existenz eines 


1:1 hin, aus welchem das Fluor infolge geringer 


Wenn n lie Geraden a und + in Abb. | so verlangert, da man auf a ohne 
Riicksicht auf die Anzahl nF den Logarithmus der Stabilitatskonstante von ZrF® 
» lassen sich auf dem verlangerten Teil der Gerade 6 die Verhiltnisse 
bei Destillation aus einer ZrF**-LOsung unter den Bedingungen der 
Wenn namlich die Fluordestillation bei sonst konstanten Bedin- 
so schwieriger verlauft, je fester Fluor in einem beliebigen System 
n man nicht nur erwarten, daB z.B. die Destillation aus einer Lésung 
5,74)” ahnlich verlauft wie aus einer Lésung von AIF** (log K, 
kann aus dem Verlauf der Destillationsgeschwindigkeits-Kon- 
Fluoaluminate in Abhangigkeit von deren Stabilitatskonstanten auch 
te der Destillationsgeschwindigkeit anderer Systeme abschatzen, sofern deren 
nstanten bekannt sind. Aus Abb. | geht auf Grund dieser Voraussetzung 


lal} aus der ZrF**-Lésung kein Fluor destillieren wird, was mit der Erfahrung 


rte kOnnte man auf Grund desselben Prinzips bekommen, indem man 
irven der Stabilitatskonstanten und der Destillationsgeschwindigkeits- 
Konstanten von Zirkonium ableiten wide. 

Durch Auswertung einer experimentell und theoretisch griindlicher verfolgten 
Formulierung der angefiihrten Gleichung wird man die Grenzen fiir die Verwend- 
barkeit der Destillationstrennung von Fluor erfassen und die Fehler dieses **klassischen” 
Verfahrens unter weniger giinstigen Bedingungen bzw. bei friher durchgefiihrten 


Analysen abschatzen k6énnen. 





Die Bestimmung kleiner Fluormengen 


Besonders wichtig ist es, in der Destillationsl6sung die héchstzulassigen Konzen- 
‘rationen an Kalzium und Magnesium festlegen zu k6Gnnen, deren Oxyde organischen 
luorverlusten bei der 


und biologischen Analysenproben zur Unterdriickung von Flu 
Veraschung beigemischt werden. Zu hohe Erdalkalizusatze verfalschen die Ergebnisse 


h relativ. Im Extremfall kannte der 


} 


wahrscheinlich nicht nur absolut, sonder auc 
nicht wtberdestillierte bei einem 
Fluor-Gehalt 0 


AA 
i 


Vic 


in Kann erwarte 


Samkel 

Die Fluorabt: 
Probe bei Temperatu von 600—1000°¢ 
Auf diese Art kann man Fluor aucl Bestimmung 


neal ™ 
gunstige pyronydaro 


’ ' , , 
ug-Mengen benutzt werden, welche ; nN ni t nN analytiscn 


lytisch Lotrennun ani be ir schwierig | 


yr] len sind, da in den gebrauchlichen 


verarbeiteten Volumina von Naturwassern vorhanc 
be . lasrht orlay LA . Oy . . _ »h, . lar y oh . 
Apparaturen leicht Verluste des freigesetzten Fluors entsteher Bei der sog. Technik 


1 ' Ix . T leo ) hea > . oe f + {} 
He ZU analysierenden I roben in einer Sauerstofi- 


der Sch6nigerflaschen,™ bei welcher 


‘ ' ‘ ‘ | 
| , i oo > ? Tana r , ’ hy i % 
I 1 ye1 einem Gehalit von 


Wasserstofl-Flamme verbrannt werden, tehen noch 
10 mg F Fluorverluste von 10°..4° Bei den htemperaturtrennungen destilliere 


einige die Fluordestillatio1 1ponente! 


uber 
Obwohl man durch Pyrohydrolyse auch Fluor von Zirkonium trennet nn, kann 
man voraussetzen, dal} fiir alle Destillationsverfahren, ebenso wie fiir das Veraschen 
iliche Gleichungen gelten 
werden, wie die oben angeftihrten. An die weniger bekannte Existenz von Chelaten 
bzw. Komplexen bei hohen Temperaturen sei hier nur erinnert. Z.B. ist es ublich, 
Kalzium bei der flammenphotometrischen Bestimmung der Alkalien mit Hilfe von 
Phosphat zu tarnen. Auch die schon angefihrte spektrographische Bestimmung von 


Fluor ist nur durch die Stabilitat von CaF und SrF oder eines Fluor-Zirconium- 


Systems im Milieu des elektrischen Bogens méglich. 
Es ist zu erwarten, daB die bis jetzt fast vollig vernachlassigte Chemie der Chelate 
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und Komplexe unter extremen Bedingungen von der Fluorchemie neue Impulse 
erhalten wird 

Die bei den Bestimmungen von mg-Fluormengen st6renden Kationen wurden mit 
Kationenaustauschern im H-**-*! bzw. Na-Zyklus® abgetrennt. Von | ppm Fluor 
kann man mindestens 20fache Uberschiisse aller Kationen mit Ausnahme von 
Zirkonium und Aluminium trennen.* Phosphate*?-” wurden, ebenso wie die EDTA- 
Komplexe bildenden Kationen” von Anionenaustauschern sorbiert. Eine Abtrennung 


von hohen Sulfatiiberschiissen gliickte aber weder auf diesem Wege,”’ noch mit einem 
Kationenaustauscher im Ba-Zyklus.** Verschiedenen Autoren gelang es, das Fluor 
mit einem Kationenaustauscher in Th-Zyklus*® bzw. mit einem synthetischen Zirkonyl- 
silikat!°® zu isolieren. Die Resultate schwankten jedoch, und die Sorption der Sulfate 
wurde iiberhaupt nicht verfolgt. Die Verluste durch Adsorption von Fluor an Glas 


wurden untersucht’” 


und auf Grund dieser eine Isotopenverdinnungsmethode unter 
Anwendung des Radioisotops F'* ausgearbeitet.'” 
Die Isolierung des Fluors durch Extraktion gelang nur aus relativ konzentrierten 


ngel der einzelnen Abtrennungsverfahren sind vielleicht am besten aus 
verOffentlichten Arbeit’ ersichtlich: eine Fluormenge von uber 2 mg 
pyrohydrolytisch von den Kationen, danach mit einem Anionenaus- 

1 den Nitraten und endlich mit einer indirekten Extraktionsbestimmung 

getrennt. Das der Lésung beigemischte Hafnium, welches radio- 

wird mit Trioktylphosphin-Oxyd in Hexan extrahiert. Auf 

Grund der radiometrisch bestimmten Verteilung des Hafniums zwischen den beiden 
Fliissigkeitsphasen wird dann die Menge des extraktionshemmenden Fluorids durch 


Vergleich mit einer Standardkurve ermittelt 


Bei der Fluorabtrennung st6ren also dieselben Komponenten wie bei Fluorbestim- 


mungen ohne vorherige Trennung: Die Komponenten, welche stabile Fluorsysteme 
bilden, vermindern oder verlangsamen wenigstens die Isolierung bei der Destillation, 
beim lonenaustausch und bei der Extraktion. Anionen mit ahnlichen systembildenden 
Eigenschaften wie Fluoride, hauptsachlich Sulfate, kann man insbesondere durch 
lonenaustausch bzw. Pyrohydrolyse nur schwierig trennen. Unter den extremen 
Bedingungen der Hochtemperaturtrennungen, von denen die Pyrohydrolyse als bestes 
nzusehen ist, findet zwar eine vollstandige Freisetzung des Fluorsstatt, aber 

en besonders bei wg-Bestimmungen in der Apparatur relativ hohe Fluorverluste. 

Die Trennungsverfahren sind ferner auch deshalb unginstig, weil sie grébere 
\pparaturanspriche stellen. Deshalb suchte man immer nach Methoden, welche 
durch Verminderung des gr6Bten St6reffektes auch ohne eine Trennung geniigend 
richtige Resultate, wenigstens in einem bestimmten Material, liefern. So kann man 
niedrige Sulfatiiberschiisse bei manchen Verfahren durch genaue Korrekturen mit 


14 Bei anderen Methoden vermindert man 


Hilfe von Nomogrammen bericksichtigen 
den EinfluB der Sulfate im Gegenteil durch eine gréBere Sulfatzugabe zum Fluor 
Reagens,” wobei man die relativ geringe Entfarbungswirkung hoher Sulfatkonzen- 
trationen ausniitzt. Verschiedene Autoren vermindern den Sulfat-** bzw. Phosphat- 
einfluB*' durch Zugabe von Kalzium zur Lésung, und andere beseitigen die Sulfate als 


Bariumsulfat,”:'°? ohne experimentelle Ergebnisse anzugeben. Da man jedoch bei 


manchen Fluor-Mikrobestimmungen mit dem erwahnten Niederschlag das Barium- 


106 


fluorid mitreilt ist es notwendig, die angefiihrten Verfahren zu uberprifen. 
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Durch Erhéhung der Farbstoffkonzentration wird die St6rwirkung der Phosphate 
verringert, z.B. bei der Zirkonium-Alizarin-Methode um eine GréBenordnung.*® Dies 
hangt mit einer Zuriickdriingung der Dissoziation des benutzten Chelats zusammen. 
Ahnlich wirkt sich auch die Verminderung des pH-Wertes der Loésung aus,’’ wobei 
auch die Fluoaluminate rascher zersetzt werden. 

Die Fluorbestimmung ist bei gleichem relativen AluminiumiuberschuB fehlerhafter 
bei einer hGheren Fluorkonzentration. So werden unter sonst gleichen Bedingungen in 
100 ml der Lésungen von 50 wg F neben 50 wg Al noch 44 wg F, von 100 wg F neben 
100 wg Al jedoch nur noch 83 wg F gefunden.° 

Das hangt in ahnlicher Weise, wie bei der Destillation angefiihrt wurde, mit der 
gr6Beren Dissoziation der Fluosysteme bei niedrigeren Konzetrationen zusammen. 
Analog bildet sich bei niedrigen Boratkonzentrationen kein Fluoborat.'° 

Infolge der prinzipiellen und praktischen Unvollkommenheit der “‘universellen” 
Trennungsverfahren hat es der Autor fiir notwendig gehalten, aus den Teilkenntnissen 
uber die Eliminierung der einzelnen St6rwirkungen Regeln fiir die Erforschung 
praktisch anwendbarer Bestimmungen des Fluor-Gesamtgehaltes ohne Abtrennung 
zusammenzustellen. Ausfiihrlich werden diese Regeln, welche schon in der Arbeit!®® 
angedeutet wurden, spater ver6ffentlicht. 

GroBere Ubersichten der dlteren Bestimmungen von Fluor sind in den Arbeiten 
116-118 enthalten. 

Notiz. Eine theoretische und experimentale Studie uber die Destillation von 
Fluor aus komplexbildendendem Milieu wird vorbereitet. Praktisch wird die 
Destillation hauptsachlich zur Bestimmung von Fluor in Zirkonium-Praparaten 
ausgenitzt. Im Destillationskolben wird Zirkonium mit einem geeignetem Tarn- 


mittel gebunden, dessen einfachste sonts aber weniger geeignete’ Form schon 


die Schwefel- oder Phosphorsdure ist. Das freigewordene Fluor wird danach aus 


senulgent saurer Lésung abdestilliert und bestimmt Ahnlicherweise k6nnte man 


fluorfreies Zirkonium, Aluminium, usw. zubereiten. 


Zu grokem Dank bin ich rm W Leonhardt, Dresden verpflichtet der an der endgiltigen 
Fassung dieser Arbeit beteil 
Summary—lIn a critical study it is established that in the different types of fluorine determination, 
with or without prior separation, the same components interfere. An equation s derived which permits 
the determination of the quantity of fluorine separated during distillation. Values obtained are com- 
pared with published results which have been obtained experimentally. Literature references are 


mainly to material published after 1955 


yr 


: 1” te 7h > 2rent 1 lad ve a 7} > 
Résumé—Dans une étude critique, l’auteur établit que dans différents types de dosage du fluor, avec 


Ou Sans separation préalable les M€mes composes genent Une equation en est déduite et permet le 
dosage de la quantité de fluor séparée pendant la distillation. Les valeurs, obtenues sont comparees 
avec les résultats publiés obtenus expérimentalement. Les références de la littérature sont principale- 


ment des articles publiés apres 1955 
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THE DETERMINATION OF SUB-MICRO QUANTITIES 
OF THIOL COMPOUNDS 
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Warren Spring Laboratory, Stevenage, Herts., Er 
(Received 6 March 1961 ept 3 May 1961) 


for the determina- 


of 0-0005 to 0-:005M 


Summary method based on a procedure devised | 
tion of tl | 


The thiol nic is converted to 


INTRODUCTION 


\ PROCEDURE for determining low concentrations of long chain aliphatic thiols has 


i 
been de eloped in order to follow small concentration changes of these compounds 


when used as dropwise condensation promotors in hexane solution 


Brockhuysen® has described a photometric method for this determination, based 


Ic ] 


upon the red colour given by thiols in ana * medium using N-ethylmaleimide. 


Attempts to repeat the work of Brockhuysen were not successful; the optical densities 
of the coloured solutions were found to reach maximum values very quickly and to 
remain constant for only a very short time 

Kunkel, Buckley and Gorin? have described a method for determining thiols in 
ided to a solution of silver dithizonate in 


hydrocarbon solution, in which the thiol is add 
carbon tetrachloride [he liberated dithizone is then determined spectrophoto- 


metrically Attempts were made to use this procedure for a number of thiols. 


Excellent results were obtained using toluene-3, 4-dithiol, but it was not found possible 
to liberate dithizone wl 2-thionaphthol, n-hexane-thiol, dodecane-thiol or octa- 
decane-thiol 


Saville! has stated that aqueous solutions of thiols, when treated with bromine, 


give the sulphonyl bromide. which can be converted to cyanogen bromide by reaction 


with cyanide ions. The cyanogen bromide can then be determined by Aldridge’s 
method,*? which is based on the von Braun reaction between pyridine and cyanogen 
bromide to produce an intermediate capable of condensing with benzidine to give a 
reliminary examination of the methods for the determination of 


thiols indicated that the method based up 


yn Aldridge’s procedure was the most 


promising 


RIMENTAI 
yf thiols in hexane solution, it was necessary to 


anogen bromide) from the hexane to a 


t 


COUIG 


ld be accomplished in an aqueous medium. It 


t isopropyl alcohol was the best solvent for the purpose 


| 
i 
rst instance Saville’s procedure was examined using a solution of n-hexane-thiol in 


In the 
isopropyl alcohol, and possible variations of the reaction conditions were investigated. Finally the 
procedure was applied to the determination of thiols in hexane solution 

641 
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f n-hexane-thiol was dissolved in 250 ml of isopropyl alcohol to give a 
From this stock solution, a working solution 


| ml 
approximately 950 jg of SH/ml 
pared by dilution with isopropyl alcohol 

50 ml of saturated bromine water 


f SH/ml was pre 
100 ml of wate ere added tc 
) otassium bromide in water 


to 100 ml of constant boiling pyridine/water 


ml of diluted (2 98 v/v) hydrochloric acid 
Any mixed solution 3 days was 


ger and Watts “Spekker”’ absorpti- 


n the text, the 


Method 
ypyvl alcohol solution of n-hexane-thiol containing 1-1-5 wg of SH was trans- 


One n O } ‘ 
measuring flask, 1 ml of diluted bromine water was added, and the flask was shaken; 


ferred t 
1 


1 ml of phen lution was added and the solution was shaken until the colour of bromine had 
disappear 1: then | ml of potassiun cvanide solution was added, followed by 5 ml of Aldridge’s 


itical density of the solution was then measured 


reage 

ine and reaction time ré guired 

y of bromine water used to oxidise the thiol compound was varied between limits of 
The results obtained are shown in 


The amo 


The 


0-2 and 2 ml, with the 


remaining conditions as outlined above 


Fig. | 
1um value of optical density was given with approximately 0-7 ml of the diluted bromine 


The maxi \ 
to simplify the addition, a new dilution, of 50 ml of saturated bromine water to which 


water. In ler 
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140 ml of water had been added, was prepared. Volumes of 1 ml of this new diluted solution were 


used for subsequent determinations 
It was noted that low values of optical density were obtained when diluted bromine solutions ha 


been allowed to stand overnight. All such solutions were therefore freshly prepared 


each day 
It was also noted that if the bromine water was allowed to stand 

prolonged period of time, lower \ ilues of « pt 

to establish the time r maximum 

arbitrary 


1! ly 
1 
The resu 


Variation in volume of sample 


At normal room temperatures, bromine reacts slowly with isopropyl alcohol, and the optical 


densities obtained with Aldridge’s reagent were found to depend upon the volume of alcohol used as 
solvent. In practice therefore, the volume of the isopropyl alcohol solution was kept at a constant 
ml, and smaller aliquots were diluted to this volume before the addition of the diluted 


value of | 


bromine water 
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, , 
Phenol solutic 


This soluti is added to ensure the complete removal of the excess bromine before adding the 
potassium cyanide solution. It was found that 5-10 sec, with shaking, was a sufficient time for this 
reaction to take place, and that increasing this time resulted in low values of optical density, possibly 

i 


caused by decon tion of the sulphonyl bromide. This is shown in Table II 


VARIATION OF REACTION TIME FOLLOWING ADDITION 
Spekker No 


OF PHENOL 


he sulphonyl bromide to give cyanogen bromide. It was 
nsities obtained with Aldridge’s reagent depended upon the 


REACTION TIME FOLLOWING ADDITION Of 


CYANIDE SOLUTION 


Cm ces 


1 colo 


ur on keeping, but it was shown that for an age of 
result, the optical density of the reagent blank solution 
the sample solution 


juired. With 


{ 
Ol 


For maximum optical density a 
smaller volumes, the colour was not 


nodate larger volumes in the measuring flasks used 


A LDRIDGE’S REAGENT REQUIRED 


{ { + 1] 
-* MM, 4-CM Celis 


0-936 0-93? 


On addi the red colour rapidly forms and the optical density 


I imu y 20 mins, and then slowly decreases. This is shown in 
Fig. 3 YT 


reaches a 


addition of Aldridge’s reagent 


Thiols in hexane solution 


One of the requirements of the method is that the determination of the thiol should be made in 
hexane soluti 


As the reaction described does not take place in hexane, it is necessary to transfer 
one of the reacting species (1.¢ 


thiol, sulphonyl bromide or cyanogen bromide) to an aqueous or 
alcoholic phase 
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Attempts were made to evaporate the hexane solvent on a water 


low values of optical density were obtained 


ne } 


eacn case attem} 


| | ‘ : 
Isopropyl ilcoh yl is miscible with hexane ind at empts were herefore p - to prod 
I t 


LUCE 


t 
geneous solutior ntaining h 


exane, 
hexane separ: 


imarisead Del 
romin tio) he solutiotr 
> trie c it 


volumes of saturat bromine wi 


of optical density. This solution was 


It was noted that inconsistent resul 


attributed to some form of decompositi 


litior t 1ine water 
To prevent this, the order of add f thi in ; 


addition Ol 


| Was 
added to the bromine water. To ensure that n onta ating solution Vv “ft in » flasks used, 
they were left standing filled with dilute bromine water when not were washed out once 
with distilled water just before they were required 


Choice of solvent: A number of solvents were tried for the extraction of the alkane sulphonyl 


bromide from the hexane solution including acetone, industrial spirit, ethanol, dioxan and isopropyl 
alcohol 


Of these the highest values of the optical densities of the coloured solutions were given 
when isopropyl alcohol was used 
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lisappeared and 


is prolonged, the excess of bromine d 
uined when 2-25 ml of alcohol were allowed 


ybt 


+ ! 
was found to be suitable 
£I95m 


reacti tin 
eaction t I 


| oes 
the diluted 


Was 


bromine has been dis- 
| shaker, for 


the hexane layer 


I 
and mix well. Transfer the solution 


The solution is usually 


about min 


525 mu 
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] ities of thiol compounds 


Calibration: In order to obtain calibration ¢g aliquots of dilt 
examined by the procedure 


ited thi 
given above. These were prepared by dilution from concentrated 
solutions standardised by titration with silver nitrate | | 


, onad 
( ] niacat medium 
This procedure is described by ; ! 


solutions 


dithizone as indicato1 


el al a n curves for n-hexane 
thiol and octadecane-thiol are shown in Fig. 4 that the recovery of the thiol 
not complete, possibly because of sma quantitie [ al n\ de | 
hexane layer juantities involved a 
1-3 


36 wg (0-16 we of SH) 
{ch Wi deg ell 
Department of S 


Warren Spring 


i 





1-5,5'-INDIGO DISULPHONATE AS AN 
ANALYTICAL REAGENT 


DIAMMONIUN 


IINATION OF THORIUM AND CERIUM 
-ARATION FROM URANIUM 


J. J. SINGH 


Summary 


INTRODUCTION 
go disulphonic acid, has been used for 
1 large number of anions and cations. It 
nsoluble complexes with thallium’, lead”, 
yttrium, lanthanum, cerium''', neodymium, 


* tae 
molybdenum'* and tungsten’* from 


nplexes are slightly soluble in water, and this leads 

vith an excess of water. Because of the adsorp- 

an aqueous solution of the precipitant cannot 

liquid his difficu is avoided by using the diammonium salt of 


Iphonic acid. the analytical behaviour of which is similar to that of 


ination of thorium, a large number of organic reagents have been 
reported in the literature,” but for its separation and determination in the presence of 
uranium there are few reagents which can be used successfully. Some of the important 
reagents which are st le for this purpose are ferron,™* m-nitrobenzoic acid,” anisic 


acid.” cinnamic < “7 m-cresoxyacetic acid.*° sebacic acid?” and 1-hydroxy-3- 


that diammonium 5,5’-indigo disulphonate, which is 

comparatively easy to prepare, can be successfully employed for the gravimetric 
determination of thorium at pH 3.5 to 4.5. Since the reagent does not form any 
insoluble complex with uranium even up to pH 9, it can be used for the separation of 

uranium 

are only a few reagents which can be used for the determination of cerium 

alone or in the presence of other elements usually present in its minerals. The use of 
some of the common reagents, such as oxalic acid,*’ methyl oxalate** or potassium 
iodate,** is not convenient owing to the strict pH control which is necessary. Jeffer- 
son* used a number of organic bases but these do not offer any advantage over oxine.*° 
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Though the results obtained with oxine are good, this reagent is not specific” 


cannot effect the separation of cerium from uranium. 
Diammonium 5,5-indigo disulphonate has been found to 


quantitatively in the pH range 3.0 to 6.0, an 


d the 


[he determination of cerium when present alk 
about 10 times its amount, 


. ~ oe 1.1] ’ > ’ 
can readily be carried o 


IM] A] 


DETERMINATION OF THORIUM 


Effec f of DH on the precipitation of the thorium comptex 


The effect of pH on the formation of the thorium complex with diammonium 5,5’-indigo di- 
sulphonate was studied by using ammonia and glycine as buffers for pH values hi 


gher than 3-5 and 
dilute hydrochloric acid for lower pH values. Though the reagent precipitates thorium in the range 


pH 1-0 to 7-5, the precipitation is quantitative only between pH 3:5 and 4-5 


Other common buffers containing acetate, phosphate and borate ions could not be used because 
of interference 
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of uranium, was determined as described 


M IN PRESENCE OF URANIUM 


Wt. of ThO, found, 


20-80 
52-00 
104-00 
156-00 
208-00 





Gravimetric determination of thorium and ceriut 


mination of cerium in the presence of uranium 


As the reagent does not form an insoluble complex with uraniun ‘ven at pH 9-0. the deter 


I 


rium in the presence of uranium 


containing 


Zusammenfassung 
Kationen seine 


le Vurani 


> / le mM 7.) ; 
t dans les domaines de 


. me r nn! ) thle 
forme pas de complexes insolubles a 
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UBER DIE ANWENDUNG VON CYSTEIN ALS MASKIE- 
RUNGSREAGENS BEI KOMPLEXOMETRISCHEN 
TITRATIONEN 


WOLFGANG BERNDT und JosEF SARA 


Spolana, n.p., Neratovice, Tchechoslovake 
11 Feb fary 


Zusammenfassung ystein bildet in schwach sauret sung mit einer Re yn Kationen farblose, 
lésliche Komplexe omplexe mit und Kupfe nd stal I lie entsprechenden 
Kon plexe der Atl 

plexometrischen Titrationen ¢ renutzt wurde. Beschrieben ist die stimmung von Zn**, Pb 


Co?*, Ni \ in genwart grésserer Meng ksilber ode pfer bzw. die Bestim- 


rter 


CysTEIN bildet mit einer Reihe von Kationen sehr stabile Komplexe. Diese Eigen- 


schaft des Cysteins wurde schon friiher zu analytischen Zwecken ausgeniitzt. 


Beschrieben wurde z.B. schon eine Methode zur potentiometrischen Cysteinbestim- 
mung mit Quecksilbernitratlésung,! sowie die volumetrische Bestimmung von Queck- 
silber und Nickel mit einer Cysteinlésung in alkalischem Medium." Uns interessierte, 
ob sich die Bildung der Cystein-Metall-Komplexe nicht auch zur Maskierung mancher 
Kationen bei komplexometrischen Titrationen ausnitzen liesse. Dabei zeigte sich, 
dass einige Metalle mit Cystein wirklich bedeutend festere Komplexe bilden als mit 
Athylendiamintetraessigsaure, so dass diese Aminosdure bei einer Reihe von Bestim- 
mungen mit Erfolg als Maskierungsreagens verwendet werden kann. Stabile Metall- 
komplexe bildet Cystein sowohl in alkalischen a h in sauren Lésungen. In 
alkalischer Lésung sind die Verhaltnisse jedoch sehr kompliziert, sodass hier noch ein 
weiteres Studium erforderlich ist. 


j 


In dieser Arbeit beschreiben wir vorliufig die Anwendung von Cystein als Maskie- 
rungsreagens bei Titrationen in saurer Lésung. Dieimweiterenangefiihrten Ergebnisse 
zeigen, dass mit Cystein die Reihe der bisher bekannten Maskierungsreagenzien um 


einen neuen, interessanten und vorteilhaften Stoff bereichert wird. 


REAKTIONEN DES CYSTEINS 


In schwach saurer Lésung 

Bei pH 5,5 reagiert Cystein mit Quecksilber unter Bildung eines weissen Nieder- 
schlages, der sich bei weiterer Zugabe von Cystein zu einer farblosen Lésung auflést. 
Der sich bildende Komplex ist fester als der Quecksilberkomplex der Athylendiamin- 
tetraessigsaure. 

Thallium gibt mit Cystein eine braune Farbung. Durch weitere Zugabe von 
Cystein entsteht ebenfalls eine farblose L6sung. Hierbei handelt es sich jedoch um die 
Reduktion von TI** zu TI’*. Da TI'* bei diesem pH nicht komplexometrisch bestimmt 
werden kann, lasst sich auch diese Reaktion zur SelektivitéatserhGhung mancher 
Titrationen ausniutzen. 

Kupfer liefert mit Cystein erst eine schmutzigviolette Farbung, dann einen 
schmutzigen Niederschlag, der durch einen Uberschuss von Cystein ebenfalls in eine 
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farblose Lésung iibergefiihrt werden kann. Obwohl auch dieser Komplex fester ist als 
der Kupferkomplex det Athylendiamintetraessigsiure, ist Cystein zur Maskierung von 
Kupfer nur beschriinkt anwendbar. In Gegenwart anderer Kationen z.B. Pb**, Zn* 
Cd, Cr Ni?’ entsteht namlich nicht der farblose, lésliche Kupferkomplex, sondern 
hiedenartig gefarbte Niederschlage. Diese Niederschlage wurden 
intersucht, h6chstwahrscheinlich handelt es sich aber um Produkte, 
fer auch noch das zweite Metall gebunden ist. Die 
eilweise, in Komplexon vollstandig léslich. Mit 
vorsichtig titriert werden; praktischen Wert hat so 
\us dem Gesagten geht hervor, dass Cystein zur 
licktitrationen verwendet werden kann, wo der 
ng der erwaihnten Mischkomplexe verhindert. 
weissen Niederschlag, der durch weitere Zugabe 
1g gebracht werden kann. Aus dem Athylen- 
um durch Cystein nur unvollstandig ver- 
stigkeit des Cystein-Cadmium-Komplexes 
iner einwandfreien Maskierung notwendig ist. 
‘n léslichen, farblosen Komplex, der etwas fester ist 
‘ndiamintetraessigsaure. Der Unterschied in der 


nicht gross genug um die einwandfreie Maskie- 


bilden mit Cystein farblose, lésliche Komplexe. 

ren bei pH 2-3 mit Cystein ebenfalls unter Bildung 
Aluminiumkomplex ist farblos, der Eisenkomplex blau, 

mit der Zeit immer schwacher. Wird der pH-Wert der Lésung 
leiben beide Kationen weiter als Komplexe in Lésung. Eisen 
lls einen farblosen Komplex. Die Komplexe aller 

eutend schwacher als die entsprechenden Komplexe der 


\thylendiamintetraessigsaure, so dass es méglich ist sie in Gegenwart von Cystein 


direkt oder indirekt mit Komplexon zu titrieren 


ynen von namentlich nicht angefiihrten Kationen wurden nicht unter- 


ler beschriebenen Reaktionen kann gesagt werden, dass sich Cystein 
kieren von Quecksilber in Gegenwart von Zink, Blei, Alumin- 

und Eisen eignet. Stérend wirken Cadmium und Wismut. 

ten Titrationen ebenfalls, bei Riicktitrationen kann es jedoch 


Vollstandigkeit wegen seien noch kurz die Reaktionen einiger Kationen mit 
Cystein in alkalischer Lésung angefihrt. 

Bei pH 11 bildet Cystein sehr feste farblose und lésliche Komplexe mit Queck- 
silber, Zink, Cadmium und Wismut. Alle diese Metalle kénnen mit Cystein gegen 
Komplexon maskiert werden. 

Blei bildet ebenfalls einen léslichen farblosen Komplex, der jedoch schwacher ist 
als der Bleikomplex der Athylendiamintetraessigsaure. Cystein maskiert Blei nur 


gegen die Indikatoren Eriochromschwarz T oder Methylthymolblau. 
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Calcium, Barium, Magnesium, Aluminium und Mangan bilden mit Cystein 
entweder gar keine oder nur sehr schwache, farblose, lésliche Komplexe. Diese 
Metalle kénnen in Gegenwart von Cystein direkt oder indirekt mit Komplexon 
titriert werden. 

Kupfer bildet mit Cystein einen léslichen, intensiv braun gefat 


fester ist als der Kupferkomplex der Athylendiamintetraessigsaure. Wegen der inten- 


siven Farbe kann die Bildung dieses Komplexes jedoch it zur Maskierung von 


Kupfer ausgeniitzt werden. Die bekannte Blockierung von Eriochro1 hw 
durch Kupfer lasst sich durch Zugabe von Cystein nicht \ 
Kobalt, Nickel und Eisen bil mit Cystein Komplexe, deren Far 


keit von der Reihenfolge hangen, in der der Lésung Cystein, Puffer und eventuell 


ye und Festig- 


Komplexon zugesetz 


In alkalischen Lésungen tret inige Erscheinungen aut 
Kupfer in saurer Lésung, am besten durc sildung 
lassen So lassen sich idmium und M3 nk in 


| — 1,1] 
tein maskieren, OOWC 


y Cystein 
d mit 0,05 M 


Al®*, Fe*®*) in Gegenwart von Hg 


: ) 
mit einem Uberschuss der 0,05 M Ke 


: ymplexon(II1)-Massk 
wird ¢ vstein zugeben. Der pH-Wert der Losung w rd nun mit Urotropin auf 5,5 eingestellt und nach 
Zugabe einiger Tropfen Xylenolorange wird mit 0,05 M Bleinitratlosung zu <titriert. Die Menge 
des nicht zuriicktitrierbaren Komplexons entspricht dem Kobalt-, Nickel-, Aluminium-oder Eisengehalt 
Sollen die angefiihrten Kationen neben Kupfer bestimmt werden, so empfiehlt es sich, die Titration 
in der W airme durchzufiihren. Die Verdrangung des Kupfers aus dem A thylendiamintetraessigsaure- 
komplex durch Cystein verlauft in der Kalte namlich etwas zu langsam. Bei Titrationen in der 
Warme ist es der besseren pH-Einhaltung wegen vorteilhafter anstelle des normalen Urotropinpuffers 
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| er mit Salpeter irezusatz zu verwenden (z.B. eine LOsung von 140 ¢ 
N HNO, oder 200 « imacetat und 150 ml | N HNO, in | Liter Wasser) 


ich Zink oder Blei bestimmt werden 


, Fe®*) und He (Cu**) nebeneinande Die saure 
r 0.05 M Komplexon(II1)-Masslosung versetzt. Der 


retitriert Auf 
und das freige- 
rd mit 0,05 

wurden, 


meriosul 


der Blei und Kupfer 


’ 


ven 


DISKUSSION 


litrationen in schwach sauren L6ésun- 
Cadmium und Wismut st6ren. Kupfer stort 
Riicktitrationen kann es jedoch mit Cystein 
bnisse einiger Analysen zusammengestellt, 
Maskierungsreagens durchgeftihrt wurden. 

lion 9 


, ] _ 
narysen aie 


eiche Genauigkeit ereicht 


ationen 


IMMUNG EIN 
sel ANWENDUD 


NGSREAGENS 


Pb 103, 


He 100,5 


Vergleichen wir Cystein mit Thiosemikarbazid, das von K6érbl und Pribil® zur 
Maskierung von Quecksilber in schwach sauren Lésungen empfohlen wurde, dann 
sehen wir, dass sich beide Stoffe gut erginzen. In Gegenwart von Eisen ist es z.B. 
nicht gut méglich Quecksilber mit Thiosemikarbazid zu maskieren; Cystein dagegen 
kann sehr wohl angewendet werden. Cadmium und Wismut dagegen machen das 
Arbeiten mit Cystein unméglich, wahrend sie die Anwendung von Thiosemikarbazid 
nicht st6ren 

Kupfer kann mit Cystein zwar nur bei Riicktitrationen maskiert werden, es sind 
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aber hier einige Bestimmungen mdglich (z.B. Cu und Fe, Co oder Ni nebeneinander), 
die friiher nur auf kompliziertere Weise* durchgefiihrt werden konnten. 
Erfolgversprechend ist auch die kombinierte Maskierung von Kationen mit Cystein 
und anderen Maskierungsreagenzien. Als Beispiel seien o-Phenanthrolin? oder 
x,%-Dipyridyl® genannt, » in schwach saurer Lésung ausser Blei und Aluminium 
fast alle in Frage kommenden Kationen maskieren. 
; 


Noch nicht zufriedenstellend gelést ist die Anwendung von Cystein als Maskie- 


rungsreagenz | komplexometrischen Titrationen in alkalischer’ Lésung Diese 


Moglichkeit wird jedoch 


Summary 
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SPECTROPHOTOMETRIC DETERMINATION OF 
VANADIUM WITH 3,3’-DIAMINOBENZIDINE 


K CHENG 


Summary 


} percm 


od for the determination of 
yur reaction of 3,3’-diamino- 

medium. The rate of oxidation is 

and quantity of acid present. 

when phosphoric or perchloric acid is 
nalytical methods for 


1c use of DAB as an: 


determining small 


nalytical reagent for 


um." Hoste* first 
DAB, and later Cheng’ pointed out 


B in the presence of EDTA (ethylenediaminet 


nadium using 


Usl 


etra-acetic 
however, no quantitative procedure for 
eared in the literature. Because of its high selec- 


attempt to develop a quantitative method for vanadium, 


APPARATUS 


10°-* M 


reddish or 


ee pr ape 
material on the 


1 be kept in a refrigerat« 


atmosphere 


250 ne of 


vanadium in a 25-ml t 


calibrated flask add 1 ml of 85‘ 


e to approximately 20 ml with water. Cool, add | ml of 10°? M DAB 


Measure the absorbance at 


phos 


pno!l 


I 


solution (fresh 


repared), make to the mark with water, and mix. 
470 mu, using a reagent blank, after standing for 15 min 
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Determination of vanadium with 3,3’-diaminobenzidine 


DEVELOPMENT OF METHOD 


{bsorptic mn spectra 


The oxidation product of DAB by vanadate is reddish-brown and has three 
absorption maxima at 340, 380, and 470 mu. The DAB solution is slowly oxidised by 


air and shows similar maxima (Fig. 1). The maximum of 470 mw was chosen for all 
measurements in this study. 


’ 


spectra 
4—DAB (10°) oxidised by air for 2 days in 0-3M H,PO, 
B 25 ug of vanadium 0-01 mmole of DAB 15 mmoles of H PO, 


Total vol 25 l-cm cell 


Effect of acidity 

The colour reaction is best carried out in a solution containing 0.02-0.2 ml of 85 ° 
phosphoric acid per ml volume. More phosphoric acid may be added, but if this is 
done a calibration curve using the same amount of phosphoric acid should be prepared. 
The reaction may also be carried out in the presence of EDTA, which is used as a 
masking agent, at pH 2-3, but the colour develops rather slowly in a less acidic 
medium. The curves in Fig. 2 indicate that both phosphoric acid and perchloric acid 
can be used over a wide range of acid concentrations, without significant effect, and 
that only limited amounts of other acids should be present because they may decrease 
the colour intensity. Their inhibiting effect may be attributed to the change in the 
oxidation potential of vanadate in different acid media. For a 25-ml volume, 10 ml 
of glacial acetic acid completely masked the colour development. Small amounts of 
tartaric or citric acid also masked the colour reaction, because of reduction of vana- 
date, or complex formation. The use of phosphoric acid is preferred, because it gives 


maximum colour development independent of its concentration, and also because it 
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complexes iron''' giving a colourless solution, and preventing the iron"! 


K. L. CHENG 


' from 


oxidising DAB. 


unt of DAB 


in Fig. 3 show that 10 wmoles of DAB are sufficient for less than 300 ug 


Actually the excess amount of DAB has no effect on the blank because 


¢ 


tion 1s colourless. These curves also indicate a 1: 1 reaction 


_— ] 
red solu 


between DAB and vanadate 

















4 6 8 
DAB, xe mole in 25m 


Fic. 3 Effect of amount of DAB. 
A—-21 moles of vanadium. 
6u moles of vanadium. 
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Beer’s law 


Beer's law was followed for 1-25 wg of vanadium per ml in a phosphoric acid 
medium, as shown in Fig. 4. At pH 2.5 the colour development was slow, especially 
for low concentrations of vanadium, because the oxidation potential of vanadate ion 


to vanadyl ion decreases with decrease in acidity. Furthermore, the rate of oxidation 


/ 


. } } ' id ; ; 
dD phosphoric acid added: sta 


nole of EDTA added, pH 2:5: standir 


is probably influenced by the catalytic action of the intermediate products as ev idenced 
by the much slower colour development of lower concentrations of vanadium. 
Maximum colour development may be obtained when the solutions are allowed to 


to stand for 2 hr or longer. 


Stability 

rhe colour reaction developed rapidly in a phosphoric acid medium. It is recom- 
mended that the absorbance be measured after standing for 15 min. After standing 
for | hr the absorbance shows no significant change. Any unnecessary delay in measure- 
ment of absorbance should, however, be avoided, because air slowly oxidises DAB 


Therefore a reagent blank should always be made. 


Sensitivity 

The DAB reaction for vanadium is fairly sensitive. The sensitivity is 0.016 ug of 
vanadium per cm? for log I)/I = 0.001. The molar absorptivity is 3,310. The DAB 
method is more sensitive than the classic hydrogen peroxide method. 
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INTERFERENCES 


nines, is easily oxidised: hence any strong oxidising reagent 
interferes but chromium!!! does not. Highly 


chromium’ 


with weakly coloured solutions the interference 


sriere, NhOWevEerT ; 


rection with a sample blank. According to Hoste, in the 


gents the DAB reaction is specific for vanadium’. The inter- 
liminated by phosphoric acid or by pyrophosphate. Large 

e interfering effect, however, even in the presence of 
It seemed that there was sufficient iron!" ion dissoci- 
omplex to oxidise DAB. When a sample is dissolved 
oric acid and nitric acid, vanadium can 

iganese, or chromium cannot be oxidised to 

Under ordinary conditions, the DAB 


selective. The results shown in Table I were 


VANADIUM IN PRESENCI 


100 

100-5 
100-2 
100-0 


‘mined in the presence of the metals which are 

vanadium or which interfere in the methods commonly used for 
satisfactory. Amounts of iron'' as large as 10 mg did 

amounts of iron, it may be necessary to separate by elec- 

nt extraction, or ion exchange* before attempting the vanadium determi- 
of selenium produced no significant effect; large amounts interfere 
parated by solvent extraction. The oxidation product of DAB is not 


ne or toluene 


As she 1 in Fig. 2, the solution should contain mainly phosphate or perchlorate 


mounts of other anions are tolerable, but large amounts of the other 


anions; 


anions shown ig. 2 should be removed. This is easily done by evaporating the 


solution to 


tion of organic acids should be avoided, because they may complex vanadium, or may 


ryness or nearly so, then evaporating again with phosphoric acid. Addi- 
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reduce it to its lower oxidation state, which does not oxidise DAB. Both tartrate and 
citrate masked the vanadate reaction with DAB; the former reduced vanadate ion, 
and formed a strongly coloured yellow complex. Fluoride showed no effect; there- 
fore, for special occasions, it may be advantageous to add fluoride as a masking agent. 


For instance, tantalum is more easily hydrolysed than niobium: it is difficult to keep 


tantalum in solution in phosphoric acid medium. Addition of fluoride helps to do this. 


Hydrogen peroxide did not oxidise DAB in a phosphoric acid . but it did 


inhibit colour development by forming a stable peroxy complex with 


COMPARISON OF DAB WITH RELATED COMPOUNDS 

rhe colour development of vanadate with 3,3’-diaminobenzidine may be made ina 
wide range of concentrations of phosphoric or perchloric acid. Nitrate does not 
oxidise the reagent. The reproducibility is excellent. The reagent solution containing 
phosphoric acid remains colourless even when allowed to stand for more than 10 
hr. Sulphate and tungstate form no precipitates with the reagent in a 
acidic medium. 

Diphenylamine and its sulphuric acid derivative are oxidised by nitra 
reproducibility is poor.° Diphenylbenzidine is also oxidised by nitrate, and 
development with vanadate requires a high concentration of phosphoric acid.’ 
interference arising from precipitation by sulphate and tungstate is serious 
Dimethylnaphthidine often gives a colour in the blank. The slow colour development 
may be improved by using a mixture of phosphoric acid and perchloric acid, but a 
high concentration of acid necessary for maximum colour development.® Poot 
reproducibility in the determination of vanadium in steel has been reported.” 
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GRAVIMETRIC DETERMINATION OF TUNGSTEN BY 
HOMOGENEOUS PRECIPITATION* 


R. DAMS and J. Host! 


Analytica hem y, Ghent University, Belgium 


cepted 18 March 1961) 


Summary \ ovel precipitation method has bee developed for the gravimetric deter- 


peroxytungstate from a nitric acid- 
especially for small concentrations, the 
using cinchonine or /-naphthoquinoline. 

» reduced to a considerable extent. 
bution coefficients follow a linear pattern 
h good results on a number of standard 


tion and co-precipitation being applied on 


etermination of tungsten usually involves the use of organic reagents 


9 f-naphthoquinoline to ensure a quantitative precipitate of 


Hoste and 


Eeckhaut' recently proposed a homogeneous precipitation 
by thermal decomposition of soluble peroxytungstic acid 


inoct 


stic acid, 
n peroxide medium. A quantitative precipitate was not required in this 

e dilution technique was used. From preliminary experiments? it 

ver, that this method is capable of giving quantitative results, co- 

precipitation of molybdenum and vanadium being considerably reduced. 


Radioactive tracer techniques were used to develop the proposed method. 


produced by irradiation of WO, in the BR-1 reactor 


7 hr, produced by irradiation of molybdic oxide in the 


16d, produced by 22 MeV deuteron bombardment of 


r-free, according to Irvine and Schindewolf 


ng was used for W and **V using a well-type Nal(T1) detector Because the 
feres with y-counting of **Mo, /-counting with an end-window G.M. tube was used 


ion as MoS 


tan dit 
andardised sodiun 


1} tungstate solution with a mineral acid, incomplete precipi- 
The resulting precipitate can be redissolved by adding an adequate 


amount of hydr 


ydrogen peroxide, a soluble peroxy-acid being formed 
When 


lis solution is heated, the excess of hydrogen peroxide and the peroxytungstic acid are 


decomposed, causing a homogeneous precipitation of tungstic acid. 


ry experiments showed that, in HNO, medium, optimum results were obtained by adding 


HNO, (60°,) to the aqueous solution of the tungstate, and by redissolving the 


rk is part of the research sponsored by the Institut Interuniversitaire des Sciences 
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precipitate with 1 ml of H,O, (30%). Thermal decomposition took place on heating the solution 
at 60° for 90 min, after which the precipitation was complete 

Homogeneous precipitation from other mineral acid solutions is less successful. Thermal decom- 


position in an HCIO, medium, for instance, proceeded very slowly in the presence of large amounts of 
HCIO,, so that only 5 ml of HCIO, (70°%,) could be used per 25 ml of tungsten solution. Even then a 
heating period of 2 hr at 80° was required before the decomposition was c 

The decomposition in H,SO, (10 ml of 98% acid per 25 ml of tungsten solution) also proceeded 
slowly, so that a temperature of 110° was necessary during 4 hr 

In all the experiments the amount of tungsten left in solution was 
acid, 500 s«] of ‘*’W tracer of Known activity (approx. | 10 
filtrate 

[he results are summarised in Table I. Results by precipitatio 


and /-naphthoquinoline are included for comparison 


ITATIVE CHARACTER OF THE TUNGSTEN PRECIPI 


Tungsten { solution, 


HNO HCI 


From Table | it appears that homogeneous precipitation of tungsten from a nitric 
acid solution gives highly satisfactory tungsten recoveries. At the highest tungsten 
concentrations investigated, the recovery is identical to that with /-naphthoquinoline 
whereas at low concentrations, the former proves to be far superior (99-34% instead 
of 95°). 

Homogeneous precipitation from a perchloric acid medium is somewhat less 
satisfactory, although it is still superior to precipitation with the organic reagents. 

Homogeneous precipitation from a sulphuric acid medium, on the other hand, is 


unacceptable. Losses of up to 20% occur at the higher dilutions investigated. 


Co-precipitation of molybdenum and vanadium 

It is well Known that in the presence of molybdate and vanadate, large amounts of Mo and V 
co-precipitate with tungstic acid. It might be expected that homogeneous precipitation would reduce 
this co-precipitation to a considerable extent 

Conditions for minimum co-precipitation of molybdenum were examined by varying the tempera- 
ture, and consequently the decomposition rate of the peroxytungstate. In all the experiments the 
amount of molybdenum co-precipitated was determined by measuring the **Mo activity left in solution 


he results for solutions containing 50 mg of tungsten (as tungstate) and 15 mg of 


molybdate are summarised in Fig. 1. 
It appears that the co-precipitation increases if a decomposition temperature 


higher than 60° is chosen. The experiments showed that at this temperature a heating 


period of 1-5 hr is required to achieve complete thermal decomposition of the peroxy- 


tungstate. 
[he co-precipitation of molybdenum was inv estigated for molybdenum/tungsten 
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vanadium/tungsten ratio was varied 
of tungsten precipitated varied between 
larger ratios. 
in Table II. 
of molybdenum using /-naphthoquinoline are 


are presented for comparison in Table III. 


ipitation of molybdenum is reduced to a considerable 


IN OF MOLYBDENUM 
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extent, although the induced error is far from negligible in the case of large Mo-W 
ratios. 


[he co-precipitation of vanadium was studied in the same experimental conditions 
as for molybdenum, using *°V tracer. 


[he results as summarised in Table IV. the data 
given by Leliaert using ‘-naphthoquinoline being presented in Table V. 


TABLE II].—Co-PRECIPITATION Of! 
(/-naphthoquinoline procedure) 


MOLYBDENUM 


CO-PRECIPITATION OF VANADIUM 


Ogeneous precipitation) 
é I I 


V co 


prec ipitat - 


less than 


> 
Q-3 


TABLE V 
CO-PRECIPITATION OF VANADIUM 
(/-naphthoquinoline) 


V co- 


precipitated, 


V/W ratio 
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ipparent that the vanadium co-precipitation is also considerably reduced by 
precipitation, and is smaller than the co-precipitation of molybdenum 


der of magnitude. 
ustribution coefficients 


in co-precipitation phenomena three types of distribution 
solid and liquid phase. Linear distribution following Nernst’s law can 


¥ to equation (1) 


p— (1) 


ad \ 


tive amounts of carrier and co-precipitant separated, 


W—""Mo decay cur 


Doerner and Hoskins? law is observed, following the loga- 


equation (2) 
(2) 


In the third case the amount of co-precipitant is linear with the amount of pre- 
cipitated carrier. This type of distribution was first observed by R. Mumbrauer,® and a 
quantitative interpretation of it was given by Hahn,’ while the distribution law was 


deduced y iS to be equation (3): 


(3) 


In the present case, tracer techniques offer a relatively simple means of determining 
le amount of co-precipitant as a function of the amount of precipitated carrier. 
lo effect this, a small quantity of solution was removed at regular intervals. Since 

> half-lives of 18’W and of °*Mo or #°V are sufficiently different, the amount present 
f each element may be computed by analysis of the composite decay curve, after 
extrapolation to time ty 


Typical decay curves are given in Figs. 2 and 3. 
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Procedure: In a 400 ml conical flask are placed successively 100 ml of tungstate solution (10 mg of 


W/ml), 1 ml of molybdate (10 mg of Mo/ml) or 1 ml of vanadate (2 mg of V/ml), 100 ml of HNO 


(60°4). 5 ml of H.O. (30°), 4 ml of 287W 


tracer and 4 ml of *°\ acer The activities of the tracer 


solutions were chosen to correspond to approximately each tracer in the Mo co- 
precipitation experiments, and 1-7 


‘lution was heated in a thermostat at 60° and 5 ml portions of solution were removed by 
I 
iltration through an asbestos filter at intervals 


1 1 , 
e case of molybdenum, the isotopes are measured by G.M. counting, to 


avoid interference 
from **Tc daughter activity. The filtrates were therefore diluted to 50 ml, neutralised to pH2 with 
ammonia, and precipitated as their sulphides with thioacetamide, and the collected sulphides were 
mounted on standard planchettes and measured with the G M. counter 

In the case of vanadium, 4 ml of the filtrates were counted in standard vials in a well-type Nal(T1) 


detector 


he results are presented in Fig. 4, curve 1 (Mo) and curve 2 (V) 


The values of D, 2 and K computed according to equations (1), (2) or (3) are 
represented in Table VI. 

From Table VI it appears that Riehl’s law is followed in both cases; the amounts 
of co-precipitants are directly proportional to the amounts of precipitated carrier, the 
mean values being Ky, 1-34 (--0-09) and K, 14-4 (-+2°6). 

According to the views of Hahn this type of distribution does not involve true 
homogeneous mixed crystal formation, the process rather being caused by surface 


layer crystallisation, with continuous diffusion from the solution into the crystal body. 
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TABLE VI CO-PRECIPITATION OF MOLYBDENUM 


WITH TUNGSTEN 


Distribution coefficients 


Mo 


DIUM WITH TUNGSTEN 


Distribution coefficients 


10 


4 
+ 
+ 
~ 
5 
~ 
4 


f tungsten in alloy steels 


The determination of tungsten by homogeneous precipitation was tested on a 
number of N.B.S. and British Standard Steels. The results obtained were corrected for 
incomplete tungstic acid recovery (Table 1), silicon content (given by the certificates), 
molybdenum and vanadium content (Table II and III respectively). Double homo- 
geneous precipitation was used for Mo-W ratios larger than unity. 


Procedu \ suitable amount of steel turnings (1-2 g) is treated with 30 ml of 11N HCl in a 
400-ml beaker. The solution is heated on a hot plate below the boiling point until the reaction subsides, 
Then 20 ml of 14N HNO, are added dropwise. If tungsten carbide particles remain undissolved, 

HCIO, (70%) are added and the solution is taken to near dryness. The residue is treated 

14N HNO, and is again taken to dryness, and the process is repeated to insure a 

al of the hydrochloric acid. The residue is treated with 50 ml of water, 2 ml of H,O, 

ml of 14NHNO. If large amounts of silica are present, the insoluble residue is 

removed by filtration and the silicon correction is not applied. The solution is heated in a thermostat 
at 60° for 1-S hr. As soon as the precipitate has settled, the hot solution is filtered (fine porosity 


paper), washed with hot | HNO, and incinerated at 800° for 1 hr 
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Vil RMIN ATION 


TABLE 


ition Was COMpule 
864 n0-2 S 0-008 

6 P 0-029 
S 0-010 


NBS 153: ¢ 5 

NBS 132A: ¢ 
NBS 155 

NBS 506 


Mn P 0-015 
As 22; Sn 0-018 
C1 
Mn 0-1 


P 0-021 


r413 


5 


N 0-012 
NBS Too! Steel: 440/880: C 0-7 0-14 
Mn 0:295 S$0-0 


BCS 241/1: Sn 0-025 


CORs8S 


homogeneous precipitation 


W 1°58; ¢ 
Mo 4°51 
» 0-039 


79: Ni 0-069 Cr 


M« 
Vi 


0-014 


W 


Cr 0-485 


100 
S1Q°311 


U0 
S 0-010, 


P 0-02 Cu 0-0 


M » 0-OR? 


Cu 0-059: ¢ 


34 
» 0-070 


33: Si0-33 
Co 5°67 





» 8-456 


W 0°51 


R. Dams and J. Hostt 


rhe results are summarised in Table VII. From this it appears that the results are in 
good agreement with those of the certificates, the deviation from the given values being 
within | °%, except for NBS steel No. 155. The larger deviation in this case is obviously 
caused by the fact that with a 2-g sample a precipitate of only 15 mg of WO, is 


obtained 


Zusammenfassung—Wolfram wird gravimetrisch bestimmt, nach Fallen aus homogener Lé6sung durch 


7erset : des léslichen Peroxywolframates in Salperersdure-Wasserstoffperoxyd-Lésung 


re Konzentrationen, die neue Methode den 


I 


, ' } ) | 
nders fuir nied 


e 

Cinchonin oder P-Naphthochinolin liberlegen ist. 

adin betrachtlich reduziert Mitfallungsstudien 

nreinigungen ein lineares Verhalten aufweisen 

indardstahlen erprobt, wobei fiir l nvollstandigkeit der 

*n Korrekturen angebracht wurden, deren Grdsse aus 
te Die Resultate waren sehr zufriedenstellend 

de precipitation homogéne pour le dosage 

mique de peroxytungstate soluble obtenu a 

rait que dans tous les cas, et spécialement 

lu tungstene est supérieure a celle obtenue par les 

iphtoquinoleine. De plus, li coprecipitation du 

lite. L’etude du processus de coprecipitation a 

néaire pour les deux impuretés. La méthode a 

ymbre d’aciers spéciaux standard au tungstene; 


tion, basées sur les valeurs experimentales, 


1960. T79, 557 


Wolfram en Var 


1958 30, 906 
m. Soc., 1927, 49, 738 
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ANALYTICAL USE OF ARSENAZO III 


DETERMINATION OF THORIUM, ZIRCONIUM, URANIUM AND 
RARE EARTH ELEMENTS 


S. B. SAVVIN 


ite of Geochemistry and Analytical ¢ 


lemy of Sciences, Moscow, U.S.S.R 


lene-3,6-disulphonic acid-2,7-bis[(azo- 


Summary he reagent arsenazo | .8-dihydroxynaphtha 

2)-phenylarsonic acid]) gives marked colour reactions with a number of elements. Anions affect the 
reaction only to a slight degree and it is possible to work at low pH values; the reaction is very 
used for the photometric determination of Th, Zr, Hf, U, 


| 


sensitive and the compound can thus b 


e 
. f T 
tl ] | 


er elements he method is most selective for Th, Zr and U!Y. Materials 


rare earths, and some < 
analysed directly, in the solutions formed after dissolving the sample, 


he stable elements 
Azo-DYes based on chromotropic acid are widely used as reagents for the photometric 
determination of various elements. Especially useful and universally applicable are 
reagents containing the arsonous group-AsO,H,. Such a reagent was first prepared 
by Kuznetsov! in 1941 and named, in its abbreviated form, “‘arsenazo’’. Various 


improved analogues of arsenazo were sythesised later and also tested; these included 


arsenazo II (which is a double molecule of arsenazo)* and arsenazo III, a bis-diazo 
dye based on chromotropic acid and o-aminophenylarsonic acid.’ The latter com- 
pound, 1,8-dihydroxynaphthalene-3,6-disulphonic acid-2,7-bis[(azo-2)-phenylarsonic 
acid], is especially suitable for the photometric determination of thorium, zirconium, 


. 
uranium!” and of some other elements. 


\sO,H, AsO,H, 


HO OH 


N=N N=N 


H,OS SO.H 
ARSENAZO III 


The properties of arsenazo II 

Arsenazo III is generally obtained in the form of its disodium salt; it is a crystal- 
line, dark-red powder, soluble in water or in weak acids, readily soluble in water which 
has been rendered alkaline with sodium bicarbonate or sodium carbonate, and in- 
soluble in concentrated acids, or in solutions saturated with sodium chloride, acetone, 
alcohol or ethyl ether. The reagent is stable in its dry as well as in its dissolved form; 
its properties do not change even when stored for long periods. Oxidising agents 
(H,O,, Cl,, Br.) and strong reducing agents (Na,S,O,, Ti") attack the reagent; 
therefore solutions in which the elements are to be determined must be freed of 
oxidising and reducing agents. Usually this does not present any serious difficulties. 


673 
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1¢ aqueous solutions of arsenazo III depends on the pH of the 
tions are pinkish or red-crimson coloured, depending on the con- 
in the pH limits of 4 to 1ON hydrochloric acid, i.e. under conditions 
termination of most elements; a 0.01-0.1% aqueous solution of 


erally used. In the alkaline region, at pH 5 and higher, a violet or 


ed; the colour is green in concentrated sulphuric acid. 


\ 


senazo III at various acidities conform to the general rules 
the colour of the reaction products obtained with colour 
reactions with many elements (Table 1). Its 

1 its ability to form stable chelates; elements 

ly acidic media and in the presence of sulphates, 


r complex-forming anions which generally 


ON H¢ 
0-01-10N H¢ 

ION H¢ 

1ON H¢ 

pH | 

pH 

pH 


pH 


nasking thorium and other 


was not investigated 
Photometric determinations in strongly acidic media are useful in many cases; 
difficulties caused by the partial hydrolysis of ions of the elements to be determined 
are eliminated; it is no longer necessary to maintain carefully the pH with the aid of 
buffer solutions; the selectivity of determination is increased for a number of elements, 
he slight effect of anions makes it possible to use direct methods of determination 


i.e. direct photometric determination can be carried out without 


separating sulphates, phosphates and other admixtures. 


he sensitivity of the colour reactions is of a sufficiently high degree (0.05 to 0.01 
g/ml of the element) when using a spectrophotometer or a photocolorimeter. 
Quantities of 0.5 wg/ml or more of the element can be determined by visual methods. 
The methods are most sensitive for the determination of thorium, zirconium, uranium, 
the rare earth elements and less sensitive for lead, bismuth, iron, copper, calcium, 
barium. 
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The high selectivity of the colour reactions is coupled with a well defined contrast 


in colour transition from pinkish (reagent) to blue or even emerald green (complexes 


of arsenazo III with elements) and with a high stability of the corresponding arsenazo 
[11 complexes; this makes it possible to attain high degrees of dilution without dissocia- 


tion of the complex. The form of the curves—absorption spectra of the reagent and 
the complex—is especially important when using photometers. A considerable shift of 
the absorption spectrum of the complex is observed towards the long wavelengths 
(compared to the absorption spectrum of the reagent) as well as two sharply defined 


peaks on the curve of the light-absorbing complex (Fig. 1); this phenomenon makes 


A 








. «@ 


Fic. | Absorption spectrum of arsenazo III and of its thorium complex 
1. 0-9 10-°M arsenazo Ill in 4N HCI; 
2. 0-9 10-°M arsenazo III and 2:5 10-°M Th(NO,), in 4N HCI; 
(Spectrophotometer SF-4, 10 mm cell) 

it possible to attain maximum sensitivity during the determination of the element when 
working at the optimum wavelengths of 660 to 665 mu. Furthermore, the reagent 
itself, present in considerable excess during the determination, does not influence the 
reaction when using this wavelength. A red-light filter is generally used when working 
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with photocolorimeters; in this case the excess reagent is eliminated almost com- 


sletely. The coefficients of molar extinction of some systems are listed in Table IT. 
I ‘ 


TABLE II SENSITIVITY OF COLOUR REACTIONS OF ARSENAZO III 


Sensitivity, “g/ml 


Conditions of Coefficient of 
molar extinction, , 
Spectrophotometer, 


50 mm cell 


130.000 0-01—0-02 

120.000 0-01—0-02 
~95.000 0-02 
100.000 0-02 
53.000 0-02 
) 000 0-05 
000 0-02 
O00 0-02 


NNN h NN WN PO — - 


O00 0-02 

8 000 0-02 
2.000 0-02 

9 000 0-02 
3.000 0-02 

~ 10.000 0-05—0:1 
10,000 0-05-0:1 


A IMw NM WN be 


Select 
Arsenazo III (Table 1) gives colour reactions with many elements and. consequently 
is not specific for any element 
Its sel 


only be increased by using specific methods. The simplest method appears to be the 


ectivity, i.e. to determine any element in the presence of others, can therefore 


determination of the required acidity of the solution. 

rhe region of optimum pH values for the interaction of organic colour reagents 
with elements is known to vary for various elements. The distinct analogy between 
colour reactions and hydrolysis reactions should be noted.® Thus colour reactions 
with colour reagents are given in strongly acidic media only by those elements whose 
ions readily tend to hydrolyse: zirconium, hafnium, uranium’, thorium: in mildly 
acidic media the reactions also yield colours with iron, uranyl ion, rare earths; in 
mildly acidic media and in neutral media only with: calcium, strontium, magnesium. 

Finally, the reaction conditions (optimum pH) are directly related and depend on 
the nature of the reagents used in the reaction. But for each reagent the ratio of 
optimum pH values of the reaction with elements remains always constant: easily 
hydrolysed elements interact in a very acidic medium, stable elements in less acidic 
media. This also holds true for the reagent arsenazo III. 

It can be seen that a high degree of selectivity is attained when determining quadri- 
valent elements—zirconium, hafnium, thorium, uranium!’—with arsenazo III; this 
reaction can be carried out in strongly acidic media, of the order of 2—-10N hydro- 
chloric acid ; stable elements do not inhibit the reaction. But the determination of 
uranium’, rare earths and of other elements is inhibited by many elements. 
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The degree of selectivity can also be increased by other methods apart from vary ing 
the acidity of the mixture. Frequently it is recommended to bind the inhibitors into a 
colourless stable complex. This is only possible when the element to be determined 
and the admixtures form with the masking, complex-forming compound—under the 
the given conditions (at defined pH)—complexes which differ markedly in their 
stability. 

[he system uranyl ion-Trilon B-stable elements is well-known. Oxalic acid is very 
useful when determining thorium in the presence of zirconium; the oxalic acid binds 
the zirconium and has practically no masking effect on the thorium (in a 3-9N hydro- 
chloric acid medium). Fluorides, at pH 2, bind thorium almost completely and do not 
inhibit the colour reaction of uranyl ion with arsenazo III. Other selective masking, 
complex-forming compounds can, no doubt, be found. 

Che selectivity can also be increased by utilising the so-called extraction-photo- 
metric methods for the determination of elements: these methods have been described 
in recent publications.° ‘ It has been shown that complexes of arsenazo III and ele- 

ents can be extracted with butyl or amyl alcohol when salts of a heavy organic 


1, e.g. diphenylguanidine chloride, are introduced into the solution. In this case 
photometric determination is carried out in the organic phase, without re- 
‘tion. Thus the determination is combined with the simultaneous separation 
other, non-extracted element [he extraction-photometric methods have been 
investigated for uranium’ and thorium.® They have also been used for zirconium 
and rare earths but in this case it is preferable to employ more hydrophobic analogues 
of arsenazo III, e.g. tetrabromo-arsenazo III, which is 1,8-dihydroxynaphthalene- 
3,6-disulphonic acid-2,7-bis[(azo-2)-4,6-dibromophenylarsonic acid] 


| | ] . P ! . . + a? a > L, 7, . m nin —w.4 rAd r - . 
\ high degree of selectivity can be achieved by combining methods for the 


determination of thorium, zirconium, hafnium, and uranium _ When analysing 


substances containing large or average concentrations of the above-named elements 
it is possible to carry out direct determinations in the solutions obtained after decom- 
posing these substances, without separation of the admixtures Preliminary concentra- 
tion is required during the analysis of rock-samples and of other materials 
containing small amounts of the elements. This is achieved by a one-stage precipi- 
tation reaction,*-” a single-stage extraction,’ or similar comparatively simple methods 
Complete separation of the admixtures is not necessary—this facilitates the method 
considerably. 

rhe selectivity is also influenced by a larger or smaller excess of reagent used 
during the photometric determination. In the latter case, i.e. when the reagent is 
present in not too large a molar excess with regard to the element to be determined 


(two-to-three-fold), it will be observed that the degree of selectivity is increased. 


( omplex-formation Of arsenazo LIL with elements 


Arsenazo III forms 1:1 complexes with 2-++ and 3+ charged cations of elements, 


e.g. Sr, UO.?*, ZrO?* or La. With 4+ charged cations, e.g. Th, Zr, Hf, U"Y, the 
composition may be related to the conditions (pH and the ratio of the components) 
and E:R=1:1 or E:R=1:2. The composition of complexes of 4+- charged elements 
is always in the ratio 1:2 under the conditions for colour reactions, when the reagent 
is present in large excess. 

The structure of the complex and the reasons for its unusually high stability will 


{ 
+ 
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ations. It should be noted here that although arsenazo 


1 
L 


x-lormation 


TT 
zo Ill LOT 


disturbance 
of planetary 
electrons 


Stable 

~XCCSS 

e earths (Y-sub- 

1 :500: , Ca, Al and other 
ly pointed out that zirconium can be 


\ 


ae : ‘ 
readily oxidises to uranium 


3.0N hydrochloric acid medium. For 
duce 6 ml of hydrochloric acid (sp. gr. 
0.1 iqueous solution of 


nations. The content of thorium should 


ed out with a spectrophotometer at 665 mu 


red-light filtes The effect of the acidity on the 
senazo III complex is shown in Fig. 2 
thorium in various substances can be used 


ll as for samples with a low thorium- 


wel 
. li 6,8—10 
le admixtures , 


idopted when analysing rock samples 


0-000 | 
he residue with 


tinum dish and 


iter. The photometric determination ts 
4 at 665 my in 50-mm cells. The thorium 


ninations can be carried out in 6 hr 
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The determination of thorium is not inhibited by substantial quantities of niobium. 
Thus it is possible to carry out direct determinations of thorium in niobium concen- 
trates after dissolving the sample, without preliminary separation of niobium. 


Analysis conditions are essentially identical to those described above. 


h 





eo. ss a 





Uranium 


he method for the determina yf quadrivalent uranium with arsenazo III is 
oa 
", Preliminary 


considerably more selective than for the determination of uraniun 


reduction has to be carried out; this and the stability of u 
difficulties: however, this method of determining uranium a ‘ars to be most satisfac 


l x m4 ‘ -_ _ st amhilast _ ra 4 
tory.!! Asin the case of thorium most cations and anions do not inhibit the reaction 


Zirconium is masked by oxalic ac id iron reduced with ascorbic acid. Only 
thorium causes substantial interference. he following analysis procedure may be 
used when the quantities of uranium and thorium are of the same order: up to the 
time of reduction of uranium only thorium is determined; after completion of the 


P at ‘ . _— mane 2 vie sac tha , . nte 
reduction the sum of thorium iranium’* is determined and the uranium content 


found from the difference. 


The method of determination is as follows :! 


Decompose 0-5 g of the rocl mple, o1 ke yntaining 0-002 ind larger 


4 an i. laining a i Per Quan 
uranium, heating with hydrochloric ack hydrogen peroxide. Dilute with 4N hydrochlori 


and filter into a 100-ml volumetric fla » aliquots of 10 ml each and place in small flasks 


Add 5—10 mg of ascorbic acid to both fractions (until discoloration of the brown colour of i 
sets in) and to one fraction 5—6 granu zinc ( ce the uranium Run off the solutions into 
50-ml volumetric flasks, without tran rins e zinc, an I it the flasks with 4N hydrochlot 
| 


acia. 


To each test sample add 2 ml of 4% oxalic acid solution, 2 ml of a 0-05 % solution of arsenazo IT] 


and dilute to the mark with 4N hydrochloric acid. Photometric measurements are carried out at 
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rht filter in 20-mm cells, using the non-reduced aliquot 


ion curve: small volumes of the solution, containing, 
e subjected to the above procedures whilst maintain- 


tion and other conditions 


to achieve improved selectivity during the 


50 wg of uranium, according to the mineralogical 
t the dry residue with 2:0 ml of 0-O5N hydrochloric 

1 0-05°, solution of arsenazo III, 0-5 ml of a 20 
5-00 1 utano [ter extraction, transfer part 


a spectrophotometer at 
anner described above 


ion without separation of the stable elements can be 
1m in pitchblende or in substances containing traces 
lates and even limited quantities of fluorides do not 
tric determination of uranyl ion is carried out at 


3~9N hydrochloric acid. 


e for the determination of zirconium. In most cases, 

nation of zirconium in complex samples, e.g. in ores,'* and 
Py] aluminium, magnesium and titanium, in the presence of 

lum and other elements,’® it is not necessary to separate the stable 


a 


’ concentrate the zirconium. Photometric measurements can be taken 


decomposing the sample. The complex of arsenazo III and zir- 


d sulphates, phosphates and other anions have only a slight 


id fluorides mask zirconium. The sensitivity is approximately 

| of zirconium (see Table II) 

f the acidity and the ratio of zirconium: arsenazo III on the intensity 
of coloration is shown in Figs. 3 and 4. The determination of zirconium can be 
carried out in strongly acidic media—from 2 to 11N hydrochloric acid i.e. under 
conditions where practically no hydrolysis or partial polymerisation of the zirconium 
cations occurs. This ensures very accurate results and good reproducibility of the 
analyses 

Goryushina and Romanova™ showed that even in such complex samples as tin 
and titanium concentrates, magnesium fractions obtained on concentrating ores of 
various origin, efc., direct photometric determination of zirconium can be carried out 
in solutions obtained after decomposing the substances, without preliminary separa- 


tion of the stable elements :'* 


of the material in a platinum dish with 5 g of a mixture (1: 1-5) of borax and sodium 
7 to 10min. After cooling, add boiling water and decant the liquid, with the 

a beaker. Dilute the mixture with water to 150 ml and heat to achieve better 

ff the residue, wash and dissolve in 2N hydrochloric acid. Aliquots containing 

nium are taken; to these are added 3 ml of a 1%, gelatin solution, 1-00 ml of a 

of arsenazo III and up to 50-0 ml of 2N hydrochloric acid. Photometric measurements 
a 2-0-cm cell, with a red-light filter. The zirconium-content is found 


plotted under identical conditions 
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The concentration of 2N hydrochloric acid was selected on considering the most 
practical working conditions for the analysis of substances containing high or average 
concentrations of zirconium (0.1 or more of zirconium). When the zirconium- 
content is low (0.01 and less) determinations should be carried out in 9N hydro- 


chloric acid. The only drawback is the relatively high volatility of hydrochloric 











the concentration of hydrochlori and of the molar ratio of zirconium 


colour ntensity (4 oncentration O arsenazo III UY 10 VM, spectro- 


photometer SF-4, 665 my, 10-mm cell) 


acid. In some cases it may be more advantageous to work at acidities corresponding 
to the azeotropic composition of the system—hydrochloric acid 1:1(~6.1N hydro- 
chloric acid. 

Zirconium must be concentrated when analysing alloys and substances containing 
zirconium in the form of admixtures (from 0.01% to 0.0001 °%). Titanium is known 
to be a very good co-precipitator for zirconium but its use has been proved inadvisable 
because it causes considerable interference when determining zirconium photometri- 
cally with reagents such as pyrocatechol violet, morin, phenylfluorone etc. 
These difficulties do not arise with arsenazo III. Titanium causes no interference even 
at ratios of zirconium:titanium 1:1000. The determination of zirconium in 


aluminium—magnesium alloys is described as an example; it was investigated by 


Kuznetsov and the present author: 
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2 g), supposedly containing 2-40 ug of zirconium, are dissolved 


id is added to dissolve the copper 
of a titanium solution containing 5 mg/ml of 
ith water to 50-100 ml 


Check the acidity with universal indicator 











ty of flaky precipitate of titanium 
paper and washed with water 

<er in which the precipitation was 

» for 15—20 min whilst stirring with 

solution is filtered into a 50-ml 

with small quantities (2:5 to 3 ml) of 6A 

yn to drain off completely after each washing 

1 be used for the washing is limited to 9-10 ml 

nixture, then add 30-0ml of conc. hydrochloric 

thtly to avoid 


1 to the mark. Close the flask t 


f 


sary. In this case the required pH of the solution is 
versal indicator paper or an internal indicator e.g. 
hanges from blue to dark blue-violet 


ric acid is 1-19, 32 ml for a sp. gr. of 1-17 and 34 ml 


{ 
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Photometric measurements are carried out on a spectrophotometer 


or on a photocolorimeter with a red-light filter, in a 20-mm cell. The 
curve is used as standard 
Introduce 


rvectively 


Arsenazo II 
hafnium beet 
le ‘Tr bed > lier h 7 Tr ) ry 
aescrided Ca#&rile WILN ZITCONIU! 
ind hainium. termined photo- 

i 
rst case and at 
> colour intensity 
1.and hafniun 


iirzZoyan State 
| latermir nas  weronnitim . . Wd he carried ie 
minats of zirconiun al | be Carried Out l 


e photometric aet 


14N hydrochloric acid 


| ] ] . i. - 4 
In weakly acidic solutions ytt 


blue-green coloration with arsenaz Scandium 
determination is of a sufficiently high degree of sensitivity 


+; : } , ' > > V4 > 7 : ¥ 
larger ¢ e determined in 25 ml of solution. 


selective nts reacting with arsenazo III act as inhibitors when 
which they begit hydrolyse is lower than the pH of the start « 
the rare earth elements. The following substances do not act as 1 


up to 5-50 mg in 25 ml: aluminium, iron, magnesium, sodium 


chlorides, phosphates 


Analogue § of arsenazo II] 


Kuznetsov, Dedkov and Savvin® succeeded in synthesising completely differ 


analogues of arsenazo III by the azo-addition of arsenazo I and various amines on 
adding calcium salts: 
AsO.H, ba 
OH OH 
N=N N=N 


SO.H 
HO.S 
where X =H; H,SO,H, NH, NO,, N(CH,)., AsO,H2: 
Y H; X = COOH, SO,H, OH, NO,. 


i 


Preliminary analytical tests have proved that these compounds also give colour 


reactions with many elements, especially with those where arsenazo I and arsenazo III 
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he correspon 


[he stability of complexes formed by these compounds lies 
i\ding complexes of arsenazo I and arsenazo III. 
I 


on the bis-azo-derivatives of chromotropic 


rope acid 


centrifuge 


of the 


~ | 
products of 


ve descr ibed 
Zusammenfassung 


II (1,8-dioxynaphthalin-3,6-disulfonsaure 2,7-o1s [azo- 

ner Reihe Anionen beeinflussen die 
dglich bei niederen pH-Werten zu arbeiten. Die 
schen Bestimmung von Th, Zr, Hf, 
ind | 


und einiger 
zeigen die héchste f mpfindlichkeit 


von Elementen 
tm 


xi, 
- Material, 
6sen der Probe und ohne weitere Abtrennungen 
Résume—Le reactif arsenaz 


sénazo IIL (1,8-dihydroxynaphtaléne-3,6-disulfonique acide-2,7-bis[azo-2- 
| ‘ 


de]) donne des réactions colorées avec un certain nombre d’éléments 


Les anions 
s peu sur les réactions, et il est possible de travailler a de faibles valeurs de pH. La 
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reaction est tres sensible, le composé peut ensuite étre utilisé pour le dosage photométrique de Th 


Zr, Hf, U et d’autres éléments. La méthode est la plus sélective pour Th, Zr et U(IV). Les matériaux 


j 


contenant ces éléments peuvent étre analysés directement, dans des solutions formées aprés dissolution 


des échantillons, sans séparation des éléments 


REFEREN( 
metsov, Dok ad\ 1/ ad Nauk l SSR 1941. B 
analit. Khim., 1959, 14, 7 
Doklady Akad. Nauk USSR 


l 
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SHORT COMMUNICATION 


Chelatometric determination of caesium 


( 


5 


id 1 
nt 
de is added and the mixt 
rds an excess of 5 


rough 


monilacal 


s4 


), in 500 ml of ie ammoniac 


and it is then 


Iwo to three g of 


mixture is covered 


the precipitate 


2 hr, the dish being covered with a watch 
s added to catalyse the reaction 


of the residual chloride (otherwise the 


ture is heated for 


\ 


yn 


hen dissolved in water a beaker 


itrate soluti 


being covered with a *h glass 


a Gooch filter le precipitate Is 


with | nitric acid. The filter and 


CC 


| potassium nickel tetracyanide 


lO, pitation 


, preci 
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solution. The beaker is warmed gently until dissolution of the precipitate is complete. A few drops 


of murexide solution are added and the solution is titrated with 0-1M EDTA to a yellow to purple 
end-point 

0-1M EDTA solution, m 26:5 , meg 

0-1M EDTA solution, » Cs.O, » 


RESULTS AND DISCUSSION 


The results obtained by the above method are very satisfactory 
caesium carbonate are reproduced in Table I. The analytical reagent 
5 7805 gf were dissolved in 1000 ml of twice distilled wal One ml o 
5 mg of Cs,O The caesium carbon 
treated by the method described. Titrations 


6-10 with 0-1M EDTA 


100-0 


200-0 


Summary An indirect 


ipit 
} 


itated as pe 


yt potassium 


results are very sa re) id the n lis as rapid as the gravime proced 


Zusammenfassung 
beschrieber ( as um 
moniumchloride 

g fallt und 
chelometrisch bestimmt 


Trocknen und Wagen des Ni 


Résumé—L’auteur décrit une méthode complexométrique indirect losage du caesium. Le 


pité sous forme de perchlorate suivant le procédé classique; le précipité est chauffé 


I 


avec du chlorure d’ammonium pour réduire le perchlorate en chlorure. Le chlorure de caesium est 


caesium est preci 


dissous dans l’eau, et le chlorure est précipité a l'état de c ulorure d’ ont. Ce précipité est dissous 


dans une solution ammoniacale de nickelocyanure de potassium ‘argent déplace le nickel de son 


* Present address: Rua Rodrigo da Fonseca 190—3E, Lisbon, Portuga 
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complexométrie. La quantité de caesium est obtenue in- 


ion d’ EDTA utilisée par un facteur. Les résultats sont 


lavantage d’éviter le 


jue la gravimetrie, elle a de plus 


FERENCES 


1892, 1020 
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NOTICES 


J , Tr , 
Material for th snould be Sent direct 


DEUTSCHLAND 


Dienstag—Freitag pril 1962: Erstes Europaisches Symposium ‘‘Zerkleinern’’, 36. Veran- 
staltung der Europaischen Foderation fur Chemie-Ingenieur-Wesen: vorbereitet und durchgefiihrt 
von der Verfahrentechnischen Gesellschaft (VTG) im Verein Deutscher In Fenieure und der DECHI VA 
Deutsche Gesellschaft fiir chemisches Apparatewesen, Frankfurt (Main). Frankfurt (Main), Deutsch- 
land 

Drei Themengruppen werden behandelt, und zwa Gruppe (A) Physikalische und theoretische 
Grundlagen des Zerkleinerns Gruppe (B) Grundlagen und neuere Entwicklungen der Zerkleinerungs 
maschinen 
Gruppe (C) Anwendungstechnik, Zerkleinerung bestimmter Stoffe 

; 


Sekretariat: Verfahrenstechnische Gesellschaft 


Frankfurt (Main) 7, Rheingau-Allee 25 


FRANCE 


Commission Internationale d’ Analyses; Comite International de 


ITALY 


Thursday—Friday 9-10 November 1961: Scientific and Technical Documentation and Information 
in Chemistry: Under the auspices of /.U.P.A.C. and Federation of Scientific and Technical Associations 
of Milan and organised by Lombard Section of Italian Chemical Society, Italian Society of Pharma- 
ceutical Sciences and Italian Association of ¢ hemical f n¢gineering with co-operation of ¢ entre Franc ais 
d’ Exchanges et de Documenation Technique. House of the Scientific and Technical Associations, 10, 
Via del Politechnico, Milan 

The programme has been provisionally arranged to covet 
1. Publication of documents 
zs Organisms of documentation and information 
3. Current and retrospective bibliographies 


4. Automation in the research for information 


POLAND 


Thursday—Friday 28-29 September 1961: Symposium on Gas Chromatography: Section of Gas 
{nalysis of Analytical Committee of Polish 


Krakow 


{cademy of Sciences and the Chief Technical Organisation 


The programme will include a number of general lectures and scientific communications given 


by Polish, Czechoslovakian and German Democratic Republic participants. Some lectures by 


manufacturers of apparatus (Pye, Siemens) are also expected 


SWITZERLAND 


September 1963: Second Congress of International Federation of Automatic Control: On the 
invitation of Swiss Association for Automatic Control. Basle 

Nearly all papers should deal with theory or w ith applications of automatic control. A few papers 
will be adopted on components of control devices and on general items. Papers should deal with one 


of the following problems: 


689 





Notices 


mponents 


Russian 
A.C., Dr.-Ing. G. RUPPEL, Prinz-Georg-Strasse 


UNITED KINGDOM 


of D.S.1.R. has 


i. The main part 


Following the main there is a short list 


1 and published in thi n alphabet, A list 
blished 
Lending Library of D.S.1I.R., Boston Spa, Yorkshire 
Tuesday-I te? ) First International Congress of Food Science and Tech- 
nology. Im e ol ice and hnology, London 


esta 


throughout the four 


Plenary Sessions 


from Mr J. GRIFFEN, 14, Belgrave 


UNITED STATES OF AMERICA 
Fall Meeting: / trochemica cier) tatler Hilton Hotel, 


Eleventh Annual Instrument Symposium and Research 
f America, 
ipplied 


Health, 
Ninth Detroit Anachem Conference: Association of 


Second International Vacuum Congress: Z/nternational 
1 American Vacuum Society. Sheraton Park 


Fifth Annual Symposium on Advances in Tracer Methodology: New 
Shoreham Hotel, Washington, D.C. 
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Wednesday—Friday 15-17 November 1961: 1961 Eastern Analytical Symposium and Instrument 
Exhibit: {nal\ tical Groups of New York and Noi th Jer sey Sections o] {mmerican ¢ hemical Society, 
New York, Delaware Valley, New England and Baltimore-Wasl on ctions of Society for 1p; ile 
Spectroscopy and Metropolitan Microchemical So¢ t 1i] 


CONSIST ¢ 


LLY 


} tatler Hiltor ytel, New York City 
The meetin I yf a ser f 3-hour symposia of invited papers of 
experts in a numbe nt { 


extended length 
tnese S| 


rece velopment 
L re Seal 


The progr: 


X-Ray Sp 


as 


nd | 


tr 
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PAPERS RECEIVED 


A spot test for uranium’ * with resacetophenone-oxime: C. RAMA RAo. (6 June 1961) 
Spectrophotometric studies on technetium and rhenium: M. AL-Kayssi, R. J. MAGEE a! 
77 104 


WILSON 


salts in 2 


New redox systems-1V: Oxidation of cobalt” with iron 2:2 bipyridy! solutions. 


FRANTISEK 
VyDRA and RuDOLF PRisBiL. (27 J 1961) 
4 pH-metric study of some bivalent metal sulphosalicylates: V.S.K. Narr. (29 June 196!) 
Che photometric determination of scandium by means of a-(2, 4-dioxyphenylazo)-pyridine: A. 1. BUSEY 

(3 July 1961) 

Contribution to the basic problems of complexometry-IX: Thioglycollic acid as masking agent 
R Pi VLADIMIR VESI 
qualitative test for detection of ferrocenes: J. D. BEHUN. (10 Ju/y 1961) 
comparative study of some lanthanon chelates of alizarin complexan as reagents for fluoride: R 
B lr. S. Wes (10 Ju 1) 


alizarin complexan-fluoride reaction: R. 


study of the cerium 


FLCHER and T. S. West. (10 July 
61) 
Thermogravimetric analysis 


of potassium hydrogen phthalate: A. E. NEWKIR 
I | 


Radiochemical separation of indium by amalgam exchange: R. R. R 
MEIN} 8 J | 


i¥e¢ 


Infrared correlations in the bile acid series: SAMUEL J. LEVIN and CHARLES G 
196] 


Steric effect of ortho-substituted alkyl! groups on chromatographic absorption of aniline: 
CARLTON 1 | ) B. O'NEA (| Ju 


| 1) 
Activation analysis of molybdenun in plant material: B. VAN ZANTEN, D. De 


) 


I 
20 J 1961) 


A scheme for the rapid analysis of uranium-ore acid leach solutions: 


Potentiometric acid-base titration in acetone-water solutions of nitrocellulose: 
REYN . re oe f 


I 
1961) 


Photometric titrations-V: A selective chelometric determination of cobalt: 
CI ANE | | ist 196] 


H 


Emission spectra from high-frequency excitation-II: 


rhe spectra of nitrogen, hydrogen, ammonia: 
C. L. CHAKRIBARTI, R. J. MAGEE and C. | 


WILSON. (1 August 1961) 
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LETTER TO THE EDITOR 


The solubility of bis-8-quinolinolo-zinc* 
SIR: 


As part of an investigation of factors influencing the intrinsic solubility of chelates, the solubility of 
several metal 8-quinolinolates have been studied. At this time we would like to communicate the 
results of our study of the solubility of bis-8-quinolinolo-zine at 25 an ionic strength 0-1 molar 
[he results provide evidence for the existence of Zn(Ox);”, a species t considered in 

studies 


In order to minimise the importance of reactions of zinc with other bases, the solubility measur 


C 


ments were made in 8-quinolinol solutions in the absence of foreign buffers in the interval pH 3:1 
to 4:1. Over the range pH 3-9 to 9-9, the solutions were saturated with respect to 8-quinolinol, with 
buffers present in several instances. In this way, the conditions under which the solubility of bis-8- 
quinolinolo-zinc was determined were different from those reported recently 

The chelate was prepared from an acetic acid solution of ‘ Zn and zinc perchlorate in the manne! 
described* to yield crystals whose powder pattern was identical with that of powdered single dihydrate 


crystals of bis-8-quinolinolo-zinc. Samples of solution were removed from a solubilitv apparatus 
1 PI 
7A 


which contained a stirred solvent chelate mixture at 24-hr intervals until equilibrium was attained 


[he results appear in Table | 
TABLE |.—SOLUBILITY OF BIS-8-QUINOLINOLO-ZIN¢ 


pH pOx 


10-4] 
10-24 


Saturated with 8-quinolinol 


From values reported for the acid dissociation constants*:* and intrinsic solubility® of 8-quinolinol 
under the same conditions of temperature and tonic strength, the concentration of the 8-quinolinol 
anion, [Ox], may readily be calculated for each hydrogen ion concentration which prevailed in 
solution. The values were plotted as the negative logarithm of the 8-quinolinol anion concentration, 
pOx, against the negative logarithm of the zinc solubility, pS. Proceeding from the lowest 8- 
quinolinol anion concentration, the solubility of zinc appeared to decrease continuously, pass through 


a minimum, and increase continuously 


Presented in part to the 138th meeting of the American Chemical Society 
September 11 to 16, 1960 
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s were treated according to the graphical methods described by Sillén.? On the acid 


ibility minimum, the experimental points were compared to normalised curves of the 


log A 4:32. These 
ubility product, log Kg 23-73, and the first 
iously for an ionic strength of 0-1 M and 20 
species Zn(Ox); , the solubility measurements do 
Zn(Ox,OH) in the region of increasing zinc 
that the stabilities of chelates with 8-quinolinol 
same Potentiometric measurements*:*® have 
hibited its maximum co-ordination number toward 8- 
8-quinolinol-5-sulphonic acid. However, reliable measure- 
n which the addition of a third 5-sulphonic acid derivative 
rom the solubility measurements 


ties observed by Merritt and Weber probably reflect the formation 


he absence of a sufficient excess of reagent. Early in our investiga- 


detailed report will be published later 
acknowledge the financial assistance of the U.S Atomic 


JAMES FRESCO 


HENRY FREISER 


Weber. Jalanta, 1961 

and B. W. Mundy t yst., 1954, 
iJ. T. Wilson, J. Cher Soc., 1949, 26 
A. Mukula, Acta Chem. Scand., 1951, 


S6 


Constants tal lon Complexes, Part | 


Soc., 1959 81, 1033. 





LATE NOTICES 


JAPAN 


Vionday—Saturday 25—30 September 1961: International Conference on Magnetism and (¢ rystallog- 
raphy including Symposium on Electron and Neutron Diffraction: Jnternational Union of Pure ai 
ipplied Chemistry and International Union of Cryst rrapny Kyoto, Japa 


UNITED KINGDOM 


Thursday—Friday tol 1961 \ series of papers on Selected Topics originating from 


Analytical Requirements in the Field of Nuclear Technology: Socier wv An cal ( 
on of Mechanical Engineers, Birdcage Walk, London, S.W.1 
Tuesday 10 October 1961: Research Work in Analytical Chemistry at the Technical University of 


Budapest: Professor L. ERDEY Society for Analytical Chemistry, Midlands S 
Institute of Chemistr) i wham and Midland tiol Joint Meet 
Birminghan 
Some Special Problems in the Polarography of Indium and Tellurium: 
VON STACKELBER Polare ipn ciel n | ol irmac 29-39, Brunswick 
W.C.1. 2.45 


rhird Symposium on Spectroscopy: 
Beveridge Hall, | 


1962: Symposium on Techniques of Polymer Science: 


rchnia > il slur 
i techniques 1 Poly 


of physical pre perties W 
ol proposed contributions should 
Belgrave Square, London, S.W.1 
S | 


] > 


y accepted will 


alvsed Sam 
graphic Standard Samples 
B.C.S. 300: 6 | alumin alloy, analyse 
B.C.S. 304 10 alut um bronze, analysed 
B.C.S. 305 75 ro-silicon. analvsed for P. Al 
B.C.S. 306 ).4 arbon free-cutting steel, analysed 
These samples are only available in the finely divic 


> 1 ‘ ta aoa} . f,, 
24: a series low tungst analysed fi 


5S. Zi 


from 0.7—3 


standards ul l 
umbers B.C.S. 281-284 


f these new samples % given in List No. 400R and the 


Ft her details of 


1 


insert sheet, which 


Hall, Middlesbrough 


is obtainable free on request ym Bureau of Analysed Standa 





ate notices 


The firs Society fe nalytical Chemistry's Monographs, Methods for the Analysis of 


non-soapy Detergent (NSD) Products, by G. F. LONGMAN and J. HILTON, has recently been published. 


The M rap sound in stout paper covers, uniform in size with The Analyst, contains in 30 pages 
e determination of all components of most 10n-soapy detergents 
om the Society for Analytical Chemistry, 14, Belgrave 


sugh booksellers) at 15s. ($2.00), post free 


Quality Measurement in the Chemical Industry has recently been published by 


se of instruments to control processes in the pro- 
plants should have skilled analysts for measuring 
process depends on a large number of routine 


an instrument would be a more effective 


irles House, 5-1 gent Street, London, 


) 


ndard B.S. 3397 1961; Methods of 


id of sampling, and methods for the determination 


NUrDOSeS (Price 30s.) 


soil grouping, preparation of samples) 


Part | 1961 ] f gauges Chis 
gauge for the collection and measurement 
by their own weight or with the assistance of 


ird report form and a statement ol 


UNITED STATES OF AMERICA 
tember 196] Fifth Annual Conference: Chemical Division of 
d Daniel Boone Hotel, Charleston, W. Va 
y-7 y 10-12 October 1961: Fifth Conference on Analytical Chemistry in Nuclear 
Reactor Technology and Second Conference on Nuclear Chemistry: Reactor and Analytical Chemistry 
D ; Rid 1 horato Civic Auditorium, Gatlinburg, Tennessee. (See also 


7 


Conference has been arranged under the following 


en 


| Methods 


ip and Radiochem! 


j } mi 
ochen 


sis of Reactor Materials 

ysis of Reactor Materials 

e proceedings of the two conferences will be published by the U.S. Atomic 
meeting in general and communications relative to the Analytical 
e addressed t D. SUsSANO, Oak Ridge National Laboratory, P.O 
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TITRIMETRIC ANALYSIS WITH CHLORAMINE-T—IV 
THE CHLORAMINE-T-IODIDE REACTION 


E. BisHop and V. J. JENNINGS* 


Washington Singer Laboratories, The University, Exeter, Devon, England 


(Received 6 April 1961 {ccepted 27 April 1961) 
f / f 


Summary—A study has been made of the oxidation by chloramine-T of iodide to free iodine and to 
monopositive iodine ion over a wide range of conditions. For the oxidation to free iodine, sulphuric 
or acetic acid media are suitable, and a concentration of 1-0M is recommended. Hydrochloric acid is 
very much less suitable. The reverse titration (the addition of iodide to acidified chloramine-T) is 
subject to considerable negative errors and is not recommended. Titration in neutral solution, 
buffered or unbuffered, is impracticable. Bromide to a maximum concentration of 0:01M may be 
present, particularly in sulphuric acid media, without causing error, and arsenic and iodide in 
mixture can be successively titrated 

Oxidation to iodine monochloride is quantitative only over the range of hydrochloric acid con- 
centration of 3-0 to 4-0M, and is better conducted with carbon tetrachloride as a visual indicator than 
by the potentiometric method 


THE status of chloramine-T as a titrimetric reagent has been assessed,’ methods of 
standardising reagent solutions have been critically examined,’ the reaction between 
chloramine-T and arsenic!!! has been thoroughly studied,” and the performance of a 
number of indicators in chloramine-T titrimetry has been fully investigated.’ Next 
in fundamental importance to the reaction with arsenic!" is the reaction of chloramine- 
T with iodide and iodine. This reaction is basic to (a) the standardisation of chlor- 
amine-T, both against iodate through thiosulphate and against arsenic in bicarbonate 
buffer, (6) reactions in buffer media of pH 4-10 in which the presence of iodide is 
essential before any reaction can occur or the end-point be located, iodine being 
either a reaction intermediate or purely a catalyst, (c) reactions wherein an aliquot 
of chloramine-T is used to liberate a known quantity of free iodine which is then used 
in the determination, and (d) Andrews-type reactions in which iodine monochloride 
is used as a reaction intermediate in strong hydrochloric acid solutions, and which 
depend essentially on the oxidation of iodide or iodine to monopositive iodine ion. 

It is necessary, therefore, to establish the quantitativeness of the oxidation by 
chloramine-T of iodide to free iodine and to iodine monochloride before assessing 
the validity of determinations involving these reactions. A wide range of conditions 
has therefore been examined. 

Previous work is neither extensive nor very informative. Llodide has been titrated 


potentiometrically in hydrochloric*»’ and in sulphuric acid® to iodine, and Tomicek 
and Suchanla* report a suitable hydrochloric acid concentration to be 0:35M. No 


sulphuric acid concentration has been specified, though Afanas’ev® reported that the 
reverse titration was satisfactory in 0°5M sulphuric acid, with which we are not in 
entire agreement. Iodide has also been titrated’ in “dilute” hydrochloric acid in the 
presence of cyanide to iodine monocyanide using starch as indicator, and in “strong” 
hydrochloric acid to iodine monochloride using carbon tetrachloride as indicator. 


* Present address: Westinghouse Electric Corporation, Semiconductor Division, Youngwood, Pa., 
U.S.A 
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In an earlier paper! it was shown that in using chloramine-T to liberate a known 
amount of iodine, certain minimal requirements in the amount of both acid and iodide 
employed must be met. In the absence of an excess of free acid, buffer solutions are 
essential to prevent the pH running so high that the oxidation of iodide ceases, 
hypoiodite is formed, and both iodine and hypoiodite oxidise thiosulphate to sulphate 

rly end-points. At the same time, it was pointed out that although chlor- 
hydrochloric acid media, with or without the addition of bromide, could 
thiosulphate to sulphate, the reaction was not quantitative, suffered from the 
f side reactions including the formation of tetrathionate, and was not 
illy useful. Claims to the contrary have been made* and renewed,” but the 
adduced in support’ are in reasonable agreement with our own, i.e., that the 
ws a deficiency of about 2° from strict stoichiometry. Although the 

ty is fair, and the eight-fold multiplication of equivalence may be con- 
eight-fold division of the error, we do not find cause to alter our state- 

se the stoichiometry and precision do not fall within the limit of +-0-04% 


1 to tetrathionate under the proper conditions. 


EXPERIMENTAI 


*n described before, additional reagents being specified below 
, 0-1M: Prepared by direct weighing of AnalaR potassium iodide dried 
in de-oxygenated water. The solution was standardised by titration in 
ric acid with primary standard potassium iodate,’ using the potentiometric method 
idicators amaranth and carbon tetrachloride to locate the end-point The results for 


iodide solution were: potentiometric 0-994; amaranth 0-9943, 0-9943; carbon 


AnalaR 


ns specified are referred to the equivalence point volume of the titration solution, 


be 200 ml Andrews titrations with visual indicators were conducted in 


Before the addition of the iodide solution, all solutions were freed from oxygen by 


rapid stream of carbon dioxide from Drikold for 20 min, and wash water was similarly 
ise. The titration procedure has already been outlined.’ The results shown in the 
tiometric titrations refer to the particular curves shown in the figures, but replicate 


; were actually made and found to agree within the experimental error in each case 
RESULTS AND DISCUSSION 


|. Oxidation of iodide to free iodine 

rhe colour of free iodine precludes the use of visual indicators, and the potentials 
attained are not sufficiently high to permit the use of chemiluminescent indicators such 
as siloxene, so electrometric methods must perforce be used to locate the end-point. 
A straightforward classical potentiometric study has been made, using media which 
had been de-oxygenated by the passage of carbon dioxide in order to avoid direct or 
induced oxidation of iodide by molecular oxygen. Passage of carbon dioxide was 
continued during the titration: any loss of iodine by volatilisation is unimportant 
indeed it is an advantage, though this could be fully realised only by complete removal 
of the iodine 

(a) Direct titration in acid medium. Titration in sulphuric acid at concentrations 
between 0-O05M and 2-0M and in acetic acid between 1-0M and 2:0M gives excellent 
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results as shown in Fig. 1 and Table 1. A concentration of 1-0M for either acid is 
recommended. Hydrochloric acid is much less satisfactory at a concentration of 0-1M 
to 0:-5M, while in 1-0M acid the potential rise through the end-point is considerably 


diminished by the partial setting up of the iodine/iodine monochloride redox system. 


TABLE I. TITRATION OF IODIDE AT A CONCENTRATION OF 0:01M witH 0-:05M CHLORAMINE-1 


UNDER VARIOUS CONDITIONS 


Direct titration in acid solution 
l Hydrochloric 19 20-00 
00 
00 


Direct titré n in acid solution in the presence of 0-01M bromide 
(no distinct inflection in 0-1M bromide 


+ 


Sulphuric 


Hydrochloric 


Direct titration in acid solution in the presence of 0:00125 


2 5 Sulphuric 1-0 
Hydrochloric 1-0 
Reverse titration in acid solution 


2 Sulphuric 


Direct titration to IC], potentiometric 
3 Hydrochloric 

0-06 
0-03 
0-01 
0-14 

Direct titration to ICl, carbon tet loride as indicator 
Hydrochloric 1-0 39-94 39-« 0:04 
2:0 39. 0:03 
3-0 39-92 0-02 
4-0 0-01 
5-0 0-01 


and the end-point becomes difficult to locate. No such effect can occur in sulphuric 
or acetic acids and the potential rise through the end-point is consequently very much 
greater and sharper. Attempts to increase the size of the potential break at the end- 
point by removing iodine from solution by extraction into a globule of carbon tetra- 
chloride added to the titration solution’ met with limited success. | quilibration of 
potentials was rapid in all cases. 

(b) Direct titration in unbuffered and buffered neutral solution. In view of in- 
structions" and recommendations: to use chloramine-T as a titrant in “neutral” 
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unbuffered solutions in conflict with the present findings that chloramine-T is inactive 
in the absence of added halide,'»* that at pH values above 4 the reaction is dependent 
‘sence specifically of iodide* and that arsenic!!! cannot be titrated in neutral 

edia whether iodide be present or not,' an investigation was made of 
chloramine-T under such conditions. If the reagent is capable of 

circumstances, then it should certainly oxidise iodide. The matter 

portant in respect to reactions of chloramine-T in the presence of 


ite concentration in media of pH values up to 10.* 


(iC 




















buffered aqueous medium, the solution turned yellow after the addition 

ramine-T. Thereafter the colour did not deepen, nor did the potential 

y more than a few mV even after the addition of a 15° excess of oxidant. 

The pH of the solution was then 9-8, which agrees well with previous findings* as to 

the pH at which reaction ceases, and with the amount of hydrogen ion consumed by 
| ml of oxidant. Reaction in this medium is therefore impracticable. 

In a phosphate buffer of pH 7-0, iodine was readily liberated, the potentials in the 
early part of the titration being similar to those recorded in 1-0M acetic acid. Over 
the interva 5 round the equivalence point, however, there was no potential 
break, merely a slow drift of 25 mV. The determination of iodide at pH 7 is therefore 
impracticable even in a buffer medium 

litrations in the reverse sense were no more successful in either medium. The 
addition of iodide to an aliquot of chloramine-T produced a yellow colour with the 
first ml, but this colour practically disappeared within | min, and further additions 
gave no more than the faintest colour. It is possible at the pH of the solution that 
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iodine either hydrolyses to hypoiodite which then disproportionates, or is oxidised 
by chloramine-T to iodate, and that the products do not then react with iodide, but 
the exact explanation is difficult to establish 

This bears additionally on the mechanism of the reaction at pH values up to 10 
in the presence of iodide. It has been shown* that above pH 6, chloramine-T will 
oxidise arsenic!!! only in the presence of iodide. This reaction may be sequential, 
i.e., chloramine-T first oxidises iodide to iodine, then iodine oxidises arsenic!!! to 
arsenic’, in which case the iodine is a reaction intermediate Alternatively, iodide, 
or an oxidation product thereof, such as iodine, iodate or an intermediate species, 
may be a catalyst for the direct reaction between chloramine-T and arsenic. It is 
unlikely that the reaction is a heterogeneous chemisorption catalysis since the only 
solid phase present 1S represented by the vessel and the electrodes the concentration 
of dichloramine is less than micromolar' and this species is completely soluble under 
these conditions. The distinction between a chemical catalyst and a reaction inter- 
mediate is purely one of quantity, the former being effective in very small concentra- 
tion. Where a buffer is available to supply hydrogen ion for reaction, iodine is 
plentifully liberated, and so may be regarded as a reaction intermediate, but at the 
upper pH limit of the reaction, or when no buffer is available, only small amounts of 


| 


~ ‘ - | 
iodine are liberated, and tl 


1e requirement in iodide concentration increases, so 1odide 
could be regarded as a reaction intermediate and iodine as a catalyst. On the whole it 
appears most satisfactory to regard iodide as a reaction intermediate. 
(c) Direct titration in acid media in the presence of bromide. Curves | to 4 in Fig 
illustrate the effect of bromide on the titration. Although the equilibration speed 
was satisfactory, the addition of bromide is not helpful. The inflections were com- 
pletely suppressed at a bromide concentration of 0-1M, but appeared when the bromide 


concentration was reduced to 0°01M. In hydrochloric acid the flattening is not 


marked compared with bromide-free media, but the end-point potential change in 
t 


sulphuric acid is very much decreased, although a sulphuric acid medium yields 
better curves than a hydrochloric acid medium. Iodide can therefore be determined 
in the presence of bromide of equal initial concentration, provided this does not 
exceed 0-01 M. 

(d) Direct titration in acid media in th presence of arsenic"! Titration of 
a mixture of known quantities of arsenic’ and iodide solutions in 1-0M hydro- 
‘) 


chloric or sulphuric acids gave curves 5 and 6 in Fig The end-points were in 


satisfactory agreement with the theoretical value for the sum of the two 
reductants. The potentials, surprisingly, accord with the oxidation of iodide as the 
potential-determining reaction in the end-point region and not, as might have been 
expected in strong acid media, with the oxidation of arsenic!" (cf. curves 3 and 6, 
Fig. 1). The same results were obtained by adding excess chloramine-T to an aliquot 


I 


of iodide, followed by an aliquot of arsenic!!! solution (larger than was equivalent to 
the iodide) and finally titrating with chloramine T. Sulphuric acid again provides 
much the better medium. 

Since arsenic!!! in bicarbonate buffer in the presence of iodide at a concentration 
below 0-05M can be accurately titrated with chloramine-T either visually* or potentio- 
metrically,” it is evident that by combining this titration with titration after acidification 
with, preferably, sulphuric acid, arsenic!!! and iodide can be successively determined 
in one solution. Furthermore, the determination of iodide can be accompanied by 
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the standardisation of the titrant by the addition of an aliquot of standard arsenic!!! 
solution in the same way. 
acid media. To test Afanas’ev’s claim® in respect to the 
mine-T in 0-5M sulphuric acid with iodide, aliquots of chloramine-T 
id been de-oxygenated with nitrogen were added to the required acid 
outgassed with carbon dioxide, and titrated with iodide. The 


satisfactory as shown in Fig. 2 at acid concentrations of 0-5M 








icid concentration of 0-O5M the reaction was too slow to be 
ne-T was precipitated on the addition of chloramine-T to the 
wly dissolved as the reaction proceeded. Through the interval 
equivalence point, the potential after each increment of iodide 
ed slowly. Though the curves are satisfactory, the end-points 

ly, the error being independent of time and acid concentration 
by loss of oxidant. Nor is the error caused by induced 

ise it would then be positive. This sense of titration cannot 


as satisfactory 


iodine 
ype reactions, i.e., those in which monopositive iodine is formed by 
stabilised by combination with chloride ion as iodine monochloride, 


venient to provide the stabilisation by means of hydrochloric acid. A lower 


limit to the required hydrochloric acid concentration is set by dissociation of the 


iodine monochloride in falling chloride concentration and hydrolysis of the I* ions 





The chloramine-T-iodide reaction 


so formed in falling hydrogen ion concentration. The two are interrelated and it is 
possible to conduct such titrations at low hydrogen ion concentrations in the presence 
of high chloride ion concentrations (or cyanide or bromide) and vice versa. An 
upper limit to the hydrochloric acid concentration may be set by the effect of hydrogen 
ion on the potential of the reductant system, combined with the katagenic effect of 
chloride ion on the monopositive iodine potential. The present examination was 
restricted to hydrochloric acid media, and the concentrations varied over a wide 
range. In the fully oxidised solution, the iodine colour is replaced by the pale yellow 
of iodine monochloride and it becomes possible to use visual indicators as well as 
potentiometric methods to locate the end-point. 

(a) Potentiometric titrations. Curves for potentiometric titrations in 1-0M to 


5‘OM hydrochloric acid are shown in Fig. 3, and the results are given in Table | 


gee 


Cas. 




















Although the potentials reached equilibrium quickly and the end-points are sharp, 
the curves are a little ragged. The results are good in the range 3-4M acid, but the 
end-points are premature in more dilute acid and late in more concentrated acid. In 
fact the consumption of oxidant increases progressively with increasing acid con- 
centration, and it is correct over only a narrow range. This steady increase is not 
caused by an impurity in the hydrochloric acid, as will be shown later: there is a trace 
of titratable substance in this reagent, but its nature is such that the inflection lies at 
very much higher potentials than those here recorded. 

(b) Titration with carbon tetrachloride as visual indicator. Carbon tetrachloride 
is not the most convenient indicator; chloroform, with a lower partition coefficient 
permits faster reaction at the end-point; but with due allowance in longer time of 
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shaking carbon tetrachloride gives rather more accurate results in Andrews titrations, 


and was used in this work. The end-points in 1-0M to 5-0M hydrochloric acid were all 


quite sharp and satisfactory, as the results show. Once again there is an increase in 


consumption of oxidant with increasing acid concentration, though only 0-:1% 
compared with 0-5% by the potentiometric method. It is difficult to account for 


For the best results, the concentration of hydrochloric acid should 


this discrepancy 


be 3-0M to 40M, and the end-point detection with carbon tetrachloride ts preferred. 


[hese determinations correspond to a quantity of 20 ml of 0-1M iodine mono- 

nd although the errors sharply restrict the hydrochloric acid concentration 

range in the determination of iodide, these errors are greatly reduced when much 
er quantities of iodine monochloride are used as a reaction intermediate in other 


leterminations, and should fall within the experimental error over the range 2-0M 


aetel hill Lit 


to 4:0M hydrochloric acid for 2 to 5 ml of 0-1M iodine monochloride 


Zusammenfassung—Die Oxydation yon Jodid zu Jod und monopositivem Jodion mit Chloramin-1 


breiten Bereich wechselnder Bedingungen studiert. Zur Oxydation zu freiem Jod 
iure in einer Konzentration von 1,0 m als bestes Medium empfohlen 


geeignet. Die umgekehrte Titration (d.h. Zugabe von Jodid zur ange- 


[-Lésung) gibt negative Fehler und ist nicht geeignet. Titration in neutralem 
ungepuffert) ist abzuraten. Bromid bis zu einer maximalen Konzentration 


Medium keine St6rung Arsen(II1) und Jodid k6nnen in 


chwefelsaurem 
mart werden 
Pit Writ i 

rlauft nur in 3-0-4-0 m Salzsaure quantitativ. Die Titration wird 


hlor 1 \ 
CHLOTIG Veri 


trachlorid unter visueller Extraktionsindication vollzogen als potentiomet- 


> ’oxydation par la chloramine-T de liodure en iode libre et en ion 


nomi > { ) 
nomodreuses Conditions 


Pour l’oxydation en iode libre, les milieux acide 
conviennent, une concentration 1,0 M est recommandée. L’acide chlor- 
beaucoup moins bien. Le titrage inverse (addition d’iodure a la chloramine-T 
a des erreurs par défaut considérables et n'est pas recommande. Le titrage en 
t irréalisable. Du bromure de concentration maximale 0,01 M 

acide sulfurique, sans causer d’erreur. De l’arsenic (IID) et 


ivent etre doses successivement 


nonochlorure diode est quantitative seulement dans le domaine de concentration 
iw PLLER 


rique 3-4 M; elle est mieux réalisée avec le tétrachlorure de carbone comme in- 


par la methode potentiometrique 
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Zusammenfassung—Es wurde die Trennung de alciums von Strontium auf 


Wege ausgearbeitet. Die vorstehenden zundchst an Kationenaustauscher adsorbierten Kationen 


chromatographischem 


lassen sich mittels einer 0,02—0,05 m Lésung von 1-:2-Diaminocyclohexan-N.N.N’.N’-tetraessigsaure 
(DCyTE) in 0,4 m Ammoniumacetat (pH 5,1) stufenweise nacheinander auswaschen. Unter diesen 
Bedingungen wird zunachst Calcium und erst nach dem Durchgang von etwa 400 ml der 0,05 m 
Waschloésung auch Strontium ausgewaschen Mit Hilfe dieser Methode wurden Calcium und 
Strontium in den verschiedensten Konzentrationverhaltnissen voneinander getrennt; so wurden z.B 
1000 wg Strontium von 200 mg Calcium (d.h. im Verhaltnis von | 200) mit einem Fehler von 


getrennt 

Die schwierige Trennung der Erdalkalien mittels klassischer analytischer Methoden 
wurde bisher nicht zufriedenstellend gelést. Die genaue und verlassliche Bestimmung 
von Strontium in uberschissigem Calcium stellt ein wichtiges Hilfsmittel der Be- 
stimmung des absoluten Alters von Gesteinen und der genauen Klassifizierung einiger 
Mineralarten. Hand in Hand mit der Entwicklung der Kerntechnik hat auch die 
analytische Chemie des Strontiums und Bariums gewaltig an Bedeutung zugenommen 
Zur erfolgreichen Lésung aller diesen Fragen wurden vor allem schnelle und ver- 
lassliche Trennmethoden fiir die einzelnen Glieder der Erdalkalireihe gesucht. Als 


besonders vorteilhaft erwies sich die lonenaustausch-Technik und zwar die chromato- 


graphische Trennung von an Kationenaustauschern adsorbierten Metallionen mit 
verschiedenen Auswaschmitteln. Zur Trennung von Erdalkalien wurden ausser 
Mineralsduren hauptsachlich einige organische Oxyséuren wie Wein-, Citronen-, 


Milch-, «-Hydroxyisobuttersdure u. 4. vorgeschlagen. Ein sehr wirksammes Trenn- 
mittel fiir solche Chromatographie stellt duch die Athylendiamintetraessigsaure 
ADTE—dar. Die letztere wird entweder als Auswaschmittel verwendet oder werden 
die Erdalkalien aus ADTE-Medium bei verschiedenem pH ausgewaschen. 

Die grundlegende Arbeit iiber die Trennung des Strontiums und Bariums stellt die 
Untersuchung von Bovy und Duyckaerts' dar, in der die Beziehung zwischen dem 
Verteilungskoeffizient und den Komplexbildungskonstanten der entsprechenden 
Chelate abgeleitet wird. Mit Hilfe ahnlicher Chromatographie gelang es auch 
Fouarge und Fuger,* Calcium, Strontium, Barium und Radium voneinander abzu- 
trennen. Die Sorbierbarkeit der Erdalkalien aus ADTE-Medium in Abhangigkeit 
vom pH-Wert untersuchten auch Taketatsu® bzw. Nikolskij und Trofimov.* 


* Part I—see ref. 16 
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Mit der chromatographischen Trennung des Calciums und Strontiums mit ADTE- 


Lésung befasste sich Myers®; die gleichzeitige Trennung von Calcium, Strontium, 
Barium und Radium mit Hilfe der gleichen Technik wurde von Duyckaerts und 
hrieben. Zur chromatographischen Trennung einiger Metalle bei der 
ausgebrannten Kernmaterials wurde ADTE bei verschiedenen pH- 
Honda‘ verwendet. Einen oft untersuchten Gegenstand stellen auch die 
Arbeiten iiber die selektive Sorption von Metallen aus ADTE-Medium, wie z.B. 


die Trennung des Strontiums von iiberschiissigem Calcium®:? oder die Trennung des 


0 


Radiums von uberschiissigem Barium! Die gleiche Technik wurde auch zur Bes- 


< 


timmung Strontium, evtl. Barium und Radium in Boden!!, Trinkwasser!'*= oder 
b OL1Og! 

Zur Trennung der Erdalkalien erwiesen sich auch Anionenaustauscher im ADTE- 
Cyclus br hbar."’ In dieser Weise wurden durch Auswaschen mit gepufferten 
ADTE-Lésungen Calcium und Strontium voneinander getrannt.” In der vorange- 
henden Arbeit reigten wir, dass ein besseres Auswaschmittel als ADTE die 1.2- 
Diaminocyclohexan-N.N.N’.N’-tetraessigsdure, DCyTE, die bisher nur zur selektiven 
Trennung des Mangans' von den Erdalkalien verwendet wurde, darstellt. Die 
Sorptionskurven der Erdalkalien aus DCyTE-Medium weisen in der pH-Abhangig- 
keit grdéssere terschiede als die Sorptionskurven der entsprechenden ADTE- 
Komplexe auf Dadurch ist die Voraussetzung einer besseren Trennung der 
Erdalkalien, insbesondere des Calciums und Strontiums und zwar auch in extremen 


Konzentrationsverhaltnissen, gegeben. 
VERSUCHSTEILI 


von Strontium und Calcium erfolgte durch Aufnahme des Molekularband- 

| des Flammenphotometers Zeiss II1 unter Anwendung des Li-Filters mit maxi- 

maler Dur dssigkeit von 665-687 mu im Falle des Strontiums und eines Filters mit maximaler 

Durchlassigke on 620-630 mu im Falle des Calciums. Die Lésung wurde in Luft-Acetylen- 
Flamme 0.4 at und 40 mm Wassersaule angeregt 

Samtliche pH- ssungen wurden mit Hilfe des Titrimeters TTT-1 der Firma Radiometr, Kopen- 

I >m Auslaugen von Kationen aus Glas vorzubeugen, wurde 

> Oxydation von Komplexanen in Quarzgefassen durchgeftihrt. Die Im 

icetat wurde durch Neutralisieren von 60 ¢ Eisessig in 500 ml destilliertem 


Ammoniak (1:1) bis zum pH 5,1 und durch anschliessendes Auffillen zu 1 


ner—die Athylendiamintetraessigsaure und die 1.2-Diaminocyclohexan- 
gsdure wurden durch mehrmaliges Umfallen aus 10°, iger Salzsaure, Auswaschen 
rocknen bei 50°C gereinigt. Ihre 0,02m bzw 0,05m L6sungen wurden durch 
assrigen Suspension mit verdiinntem Ammoniak (1:1) bereitet 
ingen der Erdalkalien wurden aus spektral reinen Ca- bzw Sr-Praparaten herge- 
irden durch Reinigung’* der handelsublichen pro Analysi Praparate gewonnen 
wurde durch Sattigen von deionisiertem Wasser mit Ammoniakgas bereitet 
m stark sauren Kationenaustauscher, Amberlit IR-120, im Ammoniakcyclus 
rrOsse des Ionenaustauschers bzw. die Grédsse der Kolonne siehe! Zum 


yn aus Komplexanmedium wurden Fillungen von 25 ml verwendet 


ERGEBNISSI 
Wir untersuchten zunichst gesondert das Verhalten von Calcium und Strontium 
bei dem Auswaschen mit DCyTE bei verschiedenen pH-Werten. Die Auswasch- 
l6sungen wurden so hergestellt, dass sie 0,02 bzw. 0,05 m an DCyTE und 0,4 m an 
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Ammoniumacetat waren; der gewiinschte pH-Wert wurde mit Essigsdure bzw. mit 
Ammoniak unter potentiometrischer Kontrolle eingestellt. 

Die Calcium- bzw. Strontiumstandartlésungen wurden aus einem kleinen Volumen 
am lonenaustauscher adsorbiert und die Kolonne wurde jeweils mit 50 ml Wasser 
ausgewaschen. Hierauf wurde mit dem Auswaschen begonnen; bei einer Gesch- 
windigkeit der Auswaschlésung von I—1,5 ml. min~'. cm~* wurden Fraktionen von 
25 ml aufgefangen. Diese Fraktionen wurden durch Abdampfen zur Trockne mit 
20 ml konz. Salpetersdure mineralisiert, in 3 ml konz. Salzséure aufgenommen, im 
25 ml Messkolben aufgefillt und ihr Gehalt an Strontium bzw. Calcium flammen- 
photometrisch ermittelt. Die Ergebnisse dieser Bestimmungen sind in Abbildung | 
wiedergegeben. Das Auswaschen des Strontiums wurde bei pH 5,1 bis zur 20. 
Fraktion verfolgt. Spuren von Strontium erscheinen erst in der 16. Fraktion. Das 
Auswaschen von Strontium bei diesem pH-Wert ist sehr langsam. Wenn alles 
Strontium ausgewaschen werden soll, ist es nétig, mit 0,02 m DCyTE bzw. 0.02 m 
ADTE oberhalb pH 6,6 auszuwaschen. 








ABI | \uswaschen 
DCyTE Loésung in Abhingig 
Amberlite IR-120, NH,, 0,15—0,30 mm, I cm 
ert wurden Fraktionen zu 25 


Metallions 


Aus A bbildung 1 ist ersichtlich, dass der pH-W ert von 5,1 eine Grenze darstellt, 
bei der sich Calcium von Strontium und wie im weiteren festgestellt wurde auch von 
Barium verlasslich trennen lasst. Die Bildung der Calcium-DCyTE-Komplexe 
verlauft verhaltnismassig schnell, so dass sich z.B. 100 mg Calcium mit 125 m1 0,05 m 


DCyTE quantitattiv auswaschen lassen. Das Strontium erscheint be diesem pH- 


Wert erst in der 16. Fraktion, d.h. nach dem Durchlaufen von 375 ml Waschlésung. 
Zwischen den Grenzen der beiden Banden liegt also ein Volumen von wenigstens 
175-200 ml Waschlésung, was zur scharfen Abtrennung vollkommen ausreicht. 
Eine noch scharfere Trennung erreicht man durch Anwendung von feiner gekérntem 
lonenaustauscher. Dies hat jedoch auf der anderen Seite eine Abnahme der Durch- 
laufgeschwindigkeit zur Folge. Da bei der Komplexbildung betrachtliche Mengen 
Wasserstoffionen frei werden, muss zur Einhaltung des pH-Wertes der Puffer in 
0.4 molaren Konzentration verwendet werden. 
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Auf Grund der obigen Erfahrungen wurde die Trennung von Calcium und 
Strontium in synthetischen Proben durchgefihrt. Nach der Sorption am lonenaus- 


stauscher wurde die Kolonne mit 50 ml Wasser ausgewaschen und hierauf Calcium 
nit LO 0.02 m DCyTE-Lésung von pH 5,1 und anschliessend Strontium mit der 


Ssung von pH 7,2 bei konstanter Geschwindigkeit von 1,5 ml. min L 


Die erhaltenen Fraktionen wurden mit Salpetersdure mineralisiert und 


lammenphotometrisch ermittelt Die Messergebnisse (Tabelle 1) wurden 


PHISCHE TRENNUNG VON CALCIUM UND 
2m DCyTE Bei pH 5,1 S1 3.94 mg 


*n gleichen Bedingungen gemessenen Standartl6sungen ver- 
mungsfehler, im Durchschnitt von 3 rel. sind eher auf 


enphotometrischen Bestimmung als auf Fehler der Trennug zuriick- 


IMM\ ON STRONTIUM IN UBERSCHUSSIGEM CALCIUM 


de der Calcium-bzw. Stronttum-DCyTE-Komplexe bei 

em grossen Uberschuss des Calciums von wenig Strontium 

100 ml Lésung, die neben 200 mg Calcium noch verschieden 

istauscher adsorbiert. Nach dem Auswaschen der Saule 

moniumacetat (pH 5,1) wurde (¢ alcium mit 200 ml 0,05 m 

Der lonenaustauscher wurde mit 30—50 ml destilliertem 

nd das Strontium wurde dann mit 10 ml 0,05 m ADTE und 20 ml Schwarzen- 
liert. Die Saule wurde mit Wasser in Quarzgefasse so ausgewaschen, dass das 
tels und der Waschflissigkeit kleiner als 100 ml war. Nach dem Einengen auf 
Mineralisierung mit 20 ml destillierter konzentrierter Salpetersdure durchge- 
her Gasentwicklung verlaufende Oxydation wurde durch Zusatz von 
Sdure beendet. Hierauf wurde die Lésung zur Trockne abgedampit, 


Salzsdure zweimal befeuchtet und erneut zur Trockne abgedampft. Der 
irde mit 2-4 ml konzentrierter Salzsdure versetzt, die ausgeschiedenen Salze 
vurd destilliertem Wasser gelést und die entstandene Lésung wurde dann in einen 25-50 ml 


j 


fassenc Messkolben tibergefiihrt. Der Strontiumgehalt wurde flammenphotometrisch ermittelt. 

Die Standartl6sungen wurden in analoger Weise, d.h. durch Oxydation mit Salpetersaure bei Gegen- 
irt von ADTE und Schwarzenbachschem Puffer bereitet 

Aus den in Tabelle 2 angefiihrten Ergebnissen geht hervor, dass eine verlassliche 


lrennung von Strontium bis zum Verhaltnis von Calcium zu Strontium 2,000: 1 bei 
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absolutem Gehalt an Strontium von 100 ug méglich ist. Die Hauptfehlerquelle 
bilden Verunreinigungen aus Salpetersdure, die zur Mineralisierung verwender wird, 
und daher vor der Verwendung umdestilliert werden muss. Bei sorgfaltiger Arbeit 
ist die Calciummenge in der Strontiumfraktion kleiner als 0,1 mg, d.h. weniger als 
0,05°, Ca von den urspriinglichen 200 mg. 


TAB. Il. BESTIMMUNG KLEINER MENGEN 
STRONTIUM IN UBERSCHUSSIGEM CALCIUM 
Ci 200 mg 


Differenz 


gelunden 


Gleichzeitig mit Calcium wird auch Magnesium ausgewaschen. Mit DCyTE in 


0,4 m Acetatpuffer (pH 5,1) wird Magnesium viel besser als mit ADTE ausgewaschen."® 


Die gleichzeitige Anwesenheit weiterer Metallionen wie z.B. von Eisen, Mangan, 
Aluminium, Titan, Blei, Zink, Kupfer, Uran, Nickel, Kobalt und von vielen anderen 
stért die Trennung nicht, da die genannten Metallionen mit DCyTE bei pH 5,1 sehr 
feste Anionenkomplexe liefern, die gleichzeitig aus der Saéule mit Calcium aus- 
gewaschen werden. 

Die vorgeschlagene Trennung des Calciums von Strontium wurde bei der Be- 
stimmung dieser Elemente in natiirlichem Material und in Mineralwasser verwendet.!® 
Die gleiche Methodik ist auch zur Isolierung von Strontium 90 aus verschiedenem 
Material anwendbar. 


Summary—The separation of calcium from strontium has been carried out chromatographically. 
[he cations after sorption on a cation-exchanger, are eluted stepwise by means of a 0-02-0-05M 
solution of 1,2-diaminocyclohexane-N,N,N’,N’-tetra-acetic acid (DCyTE) in 04M ammonium 
acetate at pH 5-1. Under these conditions calcium is first eluted, and after about 400 ml, strontium 
By means of this method 1 mg of strontium can te separated from 200 mg of calcium (i.e., a ratio of 


1:200) with an error of 1° 


Résumé—La separation du calcium et du strontium a été réalisée par chromatographie. Les cations 
apres fixation sur un échangeur de cations, sont élués graduellement au moyen d’une solution 0,02 
0,05 M d’acide 1,2-diamine-cyclohexane N N N’ N’ tétracétique (D Cy T E) dans l’acétate d’ammo- 
nium 0,4 M a pH 5,1. Dans ces conditions, le calcium est élué en premier, et ensuite le strontium 
apres passage d’environ 400 ml de solution. Par cette méthode on peut séparer 1 mg de strontium de 
200 mg de calcium (c’est-a-dire un rapport de 1/200) avec une erreur de 1%,. 





PAVEL POVONDRA, ZDENEK SULCEK, RUDOLF PRiBIL and RICHARD STANGI 


ind G Duyckaerts, fnalyt. Chim 


ind J. Fuger, UNESCO/NS/RIC-—52 57; Analyt. Abs., 1958, 5, 2888 


Soc. Japan, Pure 1 t., 1957, 78, 148; 
\. M. Trofimoy 
1959, 183, 1807 
Lejeune, J. Chromatography, 1960. 3, 58 
m. Soc. Japan, 195 
1959, 183, 674 
Krasnobaeva, Dok 


{nalyt. Abs., 


lgarskoj Akad. Nauk, 1960, 13, 67 
llanov ef al., Atomnaja Energija, 1959, 7, 110 
1959, 88, 11 
nd K. V. Melbou {nalyt 
1961. 33, 39 
1, Z. analyt / 
omissil wnal- 
ind Z. Sulcek Talanta, 1960, 4 s6 
bil, Chemist-Aralyst, 1960, 49, 109 





Talanta, 1961, Vol. 8, pp. 71 » 71S ergamon rinted in Northern Ireland 


SPECTROPHOTOMETRIC DETERMINATION 
OF TRACE AMOUNTS OF SILVER 
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Summary—Pyrogallol red may be used as a reagent for the spectrophotometric determination of 


silver ions in dilute solution. The reagent forms a yellow complex, [Ag,(C,,H,O,S)]’-, the colour of 


which is stable for at least 24 hr. Optical density measurements at 390 my show that at pH 7-7°5 
Beer’s law is obeyed over the range up to 85 yg of Ag The colour system is unaffected by normal 
laboratory variations in temperature o1 lighting conditions and no special purification of reagents Is 
necessary. None of the common anions interferes except the halides Most cations interfere, but this 
is readily prevented by the addition of an amount of EDTA equivalent to the total molar concentration 
of the other metal ions. This total can readily be determined by a simple titration process on a separate 
aliquot of solution without separating the silver ions. The method appears to be more reproducible 
than the standard dithizone method 
Bromopyrogallol red may be used similarly with measurements made at ca. 440 my 


THERE is a dearth of satisfactory spectrophotometric methods for the determination 
of silver ions in very dilute (ca. 10-°M) solutions. The most commonly used reagents 
are p-dimethylaminobenzalrhodanine and dithizone.'’ The former is fairly selective 
in its action, but is troublesome in many respects. It reacts with silver in acidic media 
to give a coloured complex or a precipitate which is usually measured spectrophoto- 
metrically at ca. 470 mu. Different authors recommend a variety of different con- 
ditions resulting in the formation either of a precipitate with considerable colour or 
alternatively of little precipitate and little colour. The colour system is very susceptible 
to changes in acidity and it is our experience that unaccountable results are not 
infrequent. 

Silver dithizonate is normally extracted into carbon tetrachloride from acid 
solution and its absorption in the extract is measured at 460 mu. For trace amounts 
of silver, however, the undue susceptibility of the reagent solution to photodecom- 
position, oxidation to diphenylthiocarbadiazone and the influence of changes in 
temperature combine to cause non—reproducibility from day to day. 

Catalytic methods offer high sensitivity, but demand rigid control of experimental 
conditions, and are generally very susceptible to interference from other ions. 

Bearing these limitations in mind and as a result of it being necessary for us to 
find a more reliable method for following the behaviour of traces of silver ions in 


extraction experiments, we have undertaken an examination of the colour systems 


formed by silver ions with eighteen metallochromic reagents including Solochrome 
Black T, o-Cresolphthalein complexan, P.A.N., P.A.R., Catechol violet, Glycine 
thymol blue, Pyrogallol red, Bromopyrogallol red, ec. As a result of this examination, 
it was concluded that the two last mentioned dyestuffs were alone worthy of detailed 
examination. This paper describes the application of both reagents to the determin- 
ation of silver in aqueous solution. A later paper will discuss the application of one 
of them to the direct colorimetry in organic media of silver extracted by a selective 
new extraction system." 

The preparation of Pyrogallol red, (cf. Fig. I) was first reported in 1898 by Sohon,? 
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Pyrogallol red, 


Fic. 2.—-Silver-Pyrogallol red colour system 
of 10-*M Pyrogallol red buffered at pH 7 and diluted to 100 ml 
but plus 10 ml of 10-*M AgNO,. Measured after 30 min 
), but plus 20 ml of 10-*M AgNO,. Measured after 30 min 


who obtained it by condensation of o-sulphobenzoic anhydride with pyrogallol. The 
dye and its dibromo-derivative, are now available commercially as a result of their use 
by Suk, Malat and Jenickova* as complexometric indicators for the ethylenediamine- 
tetra-acetate titration of several metal ions, including Bi, Ni, Co, Pb, Cd, Mg, Mn", 
Ce!!! and the rare earths under a variety of pH conditions. Several other ions form 
coloured products, e.g., Cu'! and Ag, though these cannot be utilised for indicator 


purposes. Both reagents have been advocated by Vodak and Leminger’ as spot-test 


reagents for the detection of silver ions, but the test is subject to interference from 
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practically all cations except those of the alkali metals. Both dyes are slightly soluble 
in ethanol, but insoluble in other organic solvents. In dilute aqueous solution they 
exhibit an orange-yellow colour in mineral acid solution, claret-red in near-neutral 
solution and violet in alkaline media. Pyrogallol red unlike its dibrominated derivative 
is markedly unstable in solutions of high pH, though otherwise quite stable 


Fic. 3 Silver-Bromopyrogallol colour red system 
(a) 10 ml of 10-4M Bromopyrogallol red at pH 7 diluted to 100 ml 
(b) As (a) but plus 10 ml of 10-°*M AgNO Measured after 30 min 
(c) As (a) but plus 20 ml of 10-*M AgNO Measured after 30 min 


It was found in preliminary experiments that both reagents reacted best with 
silver around pH 7, when the claret-red colour of the reagent underwent a change to 
a less intensely absorbing greenish-yellow coloured solution together with a slight 
colloidal suspension (especially apparent at high concentrations of silver). Figs. 2 
and 3 were obtained with a Unicam SP 600 spectrophotometer (10-mm path) using 
(a) 10 ml of the appropriate reagent in 10 * M solution in 50% v/v aqueous ethanol; 
(b) with the addition of an equimolar amount of silver ion; and (c) a two-molar 


ratio of silver ion. In each case the solution was buffered with 20° sodium acetate 


< 


to pH = 7 and diluted to 100 ml. In each case, it will be observed that the addition 


of silver decreases and practically eliminates the band absorption ca. 550 my and 
builds up another band absorbing ca. 410-420 mu. rhe results represented by Figs. 


2 and 3 were obtained after a reaction time of 30 min. Subsequently it was found 


a - 





R. M. DAGNALL and T. S. WEs1 


that longer standing caused increased optical densities at the silver peaks ca. 410 mu 
‘ased absorption at the reagent peaks ca. 550 my. Further experiments 

lished that the optimum conditions were obtained after 1-5 hr standing time and 

’r maximum colour formation it was desirable not to dilute the solutions to 

| this time had elapsed. The “blank” solutions were quite stable, and it was 


ind Bromopyrogallol red under optimum conditions 


pment 90 min defore dilution 


5 ml of 'M AgNO, 
10 ml ‘M AgNO, 
15 ml of 'M AgNO, 
20 ml of ‘M AgNOs. 


found that the absorption at the silver peaks exhibited maximum stability; the 
absorption ca. 400 my remained unchanged for several days. 

An attempt was now made to establish which reagent was to be preferred for the 
determination of silver and to ascertain whether it was best to measure the decrease 


in absorption of the reagent bands ca. 550 my or the silver bands ca. 400 mu. The 


best pH range for Pyrogallol red was found to be 7—-7:5 and for Bromopyrogallol red 


the best value was 7-5. Using these optimum conditions, varying amounts of 10+M 
silver nitrate were added to constant amounts of the two reagents and the results 
obtained (cf. Fig. 4) show that at the most stable peak, ca. 400 my, the Pyrogallol red 
reagent is the more sensitive. In addition, a 2:1 complex [(Ag), Pyrogallol red] or 
((Ag). Bromopyrogallol red] is suggested by the observation that ratios of silver to 
reagent greater than two cause no further increase in the optical density of the solution. 

\ continuous variations plot with 10~* M Pyrogallol red and silver nitrate solu- 
tions at 390 mu* (cf. Fig. 5) shows a clear indication of a 2:1 silver-reagent complex. 


yresents the wavelength of maximum separation between the absorption curves for the 


ver complex 
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Similar results were obtained with Bromopyrogallol red when measurements were 


made at 440 mu. 





A calibration curve was next obtained by the procedure recommended under 


Experimental. It is represented by a straight line passing through the origin. Beer’s 


law is obeyed up to 85 wg of silver. The interference of a selected range of cations 
viz., Hg", Cull, Al, Zn, Pb, Mg, Ca, Ba, was examined, and not unexpectedly, all were 
found to interfere by reacting with the reagent. All these complexes are broken down 
by EDTA, but though silver only forms a weak complex (Log K ~ 10~“) with the 
complexan it is also partially attacked; masking by the addition of excess of EDTA 
is therefore not possible. Similar attempts to utilise weak complexans such as imino- 
diacetic acid and anthranilic acid diacetic acid also failed, though they caused much 
ess interference with the silver-Pyrogallol red colour system. The most successful 
method of overcoming the interferences was to add an amount of EDTA equivalent 
to the molar concentration of these foreign cations. This amount can readily be 
established in most instances by a process of pretitration on an aliquot sample of the 
solution. Silver does not interfere with EDTA titrations at pH 7 and in the titration 
of calcium and magnesium it can readily be masked by cyanide ion. Only with alum- 
inium was difficulty experienced, because of the lack of an indicator sufficiently 
reliable at low dilutions. The use of a suitable indicator or other means of detecting 
the end-point would probably eliminate its interference in the same way. The inter- 
ference of copper cannot be overcome in this manner because of the colour of the 
Cu"!-EDTA complex and the stability of the Cu-Pyrogallol red compound. Table I 
shows the interference of ten-fold molar ratios of these cations and the removal of 
such interference by the addition of the requisite amount of EDTA, this latter value 
having been obtained by direct complexometric titration of the foreign ion in the 
presence of the silver without separation. It will be seen that in most of these 
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experiments the interference has been completely eliminated. The interference of 
other cations, most of which could also be complexed preferentially with EDTA as 


thon 


described, was not examined further, though it is logical to assume that moderate 


amounts of coloured ions such as nickel, lt | nium! would still interfere 


in the same way as copper! 

As with cations, the interference of only a selected rang 
These were nitrate, sulphate, chloride hosphate, per 
chloride was found to interfere It was noticeable 
anions spee 
relative t 
standi 
slightly low recoveries, and 


] 
,\ 


+] was denelic 


aiso, that a moderate excess Of nitrate ion ten-Iok 


1 P 1 1 / 1 


. ; 1h 1 “rte |} Nn nrecen nce >? 
ol tne si | \\ ad nithert peen present 4 onsequently 


2vCeA \{ ste . 3 ra mended nda ] _ _ 
excess O itra I ymmended as a Standard procedure 


SSLON 


ition of silver 1s considered to | 


e essentially 
simpler than the standard dithizone anc p-dimethylaminobenzalrhodanine procedures 


which have hithert *n used almost exclusively for the determination of trace 
amounts vi ere 1s no dangel precipitation and no necessity for critical 
adjustment of acidit ith p- thylami nzalrhodanine, nor is it essential to 
extract and control closely ndition: h as temy , puri f reagents, absence 
n 

ol red complex 
once formed, maintains an un nged optical density for several days. ( onsequently, 
there is a Ww * lati » of experimental conditions the standard methods 
for silve The stability « he silver complex is well illusti y its resistance 
break down b\ ch le ] Thus. 1C€ t} ver COoMpter has Ee) formed 
addition of an amount of chloride ion t etically sufficient to precipitate all 

it causes no diminution in the intensity of the colour. No shielding of 
; 


rom laboratory light sources or normal day-light is required 


TABLE II. ANALYSIS OF UNKNOWN UTIONS FOR SILVEI 


1 


Against these attractive features relative to conventional reagents, the Pyrogallol 


red method is subject to more cationic interference. However, these interferences can 


in most cases be readily overcome by the addition of an amount of EDTA equivalent 


interferes by slowing down colour formation 
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yncentration of the foreign ions e.g., Ca, Mg, Zn, Pb, Hg!. The 


Ci 


is readily determined by complexometric titration, since silver does 


omplexometric titrations in acid solution, and is readily masked 
anions interferes except chloride. 

ialyses of a series of unknowns are given in Table II. 

re obtained by multiple analyses of a series of solutions containing 


n average deviation of 1-3 ug Ag (standard deviation 
XPERIMENTAI 


dard 0-1M silver nitrate solution 


B.D.H. Ltd.) dissolved in 125 m f absolute 


e trihydrate dissolved in wa 


rate dissolved and made 


ym stabilised 12V transformer; 1- and 4-cm 


10-ml aliquots of 10-*M silver nitrate 

VM sodium nitrate and enough distilled water to 

lof 2 sodium acetate to give a final pH of 

t dilute the solutions at this stage, but allow 

» contents of each flask to 100 ml and measure 

e at 390 my against a standard containing all the 

s carried out after 90 min, the absorption measure- 
of several hr 


lver taken is a straight line from 10 to 85 ug 


10°8 ug Ag 

silver solution containing <85 wg of Ag 

DTA solution (vide infra) followed by 1 ml 
lled water to make the volume up to 11 ml 

acetate and 5 ml of 10-*M Pyrogallol red 
mut further dilution. Lastly dilute the contents 


tion against a reagent blank containing no silver, 


e er solution contains ions which react with Pyro- 
this solution in a conical flask, add a small amount of the 
id titrate with an EDTA solution of suitable molarity 
e the volume of EDTA required per ml of test solution 
h the great majority of metallochromic indicators which function 
late with EDTA is too weak to cause high results If, however, the 
1 alkaline solution, then both the indicator and the EDTA should 
1e 


> addition of potassium cyanide as a masking agent, against attack by silver 


tal of (EDTA) titratable ions to be determined. 


of us (R. M. D.) wishes to thank the University of Birmingham for the 
p. We are also grateful to Mr. W. T. Elwell, Divisional Chief 


SCnNOLITsoly 


Division) for carrying out check analyses. 
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Zusammenfassung—Pyrogallolrot kann als Regans zur photometrischen Bestimmung von Silber 
verwendet werden. Das Reagens formt mit Silber einen gelben Komplex der Zusammensetzung 
[Ag.(C,,H,O,S)}*>-. Die Farbe ist fiir wenigstens 24 Stunden bestandig. Absorptionsmessung bei 
390 my zeigten, dass im pH-Bereich 7-7-5 Beer’s Gesetz bis hinauf zu 85 jg Silber erfiillt ist. Die 
Farbe ist unbeeinflusst durch Anderungen in Temperatur und Beleuchtung, wie sie normalerweise im 
Laboratorium auftreten; keine besondere Reinigung des Reagenses ist nétig. Von den gew6hnlichen 
Anionen st6ren lediglich die Halide. Die meisten Kationen st6ren, doch kann das leicht ausgeschaltet 
werden, durch Zugabe von ADTA in einem zu der anwesenden Kationenmenge aquivalenten Betrag 
Diese Menge kann leicht mittels einer seperaten Titration in einem Aliquot der Probe ermittelt 
werden, ohne vom Silber zu trennen. Die Methode scheint besser reproduzierbar zu sein, als die 
blicherweise angewandte Dithizonmethode. Brompyrogallolrot kann in gleicher Weise verwendet 


werden nur ist die Messung bei etwa 440 mw durchzufthren 


Résumé—Le rouge de pyrogallol peut étre utilisé comme réactif pour le dosage spectrophotométrique 
des ions argent en solution diluée. Le réactif forme un complexe jaune [Ag.(C,,H,O,S)]*~ dont la 
couleur est stable pendant au moins 24 h. Les mesures de la densité optique a 390 my montrent que, a 
pH 7-7,5, la loi de Beer est suivie dans le domaine allant jusqu’a 85 g d’ions Ag*. La couleur n’est pas 
modifiée par les variations normales de température ou d’éclairage du laboratoire, et il n’est pas 


nécessaire de purifier spécialement acti Aucun des anions communs ne géne, sauf les halo- 


génures. La plupart des cations génent, mais cette interference est facilement évitee par addition 


dune quantité d@ EDTA équivalente a la concentration molaire totale des autres ions métalliques 
Ce total peut étre facilement déterminé par un simple titrage sur une portion de la solution sans 
séparer les ions argent. Cette méthode se présente comme plus reproductible que la méthode st indard 


a la dithizone. Le rouge de bromopyrogallol peut étre utilisé de maniere analogue, les mesures étant 


faites a environ 440 my 
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PHOTOMETRIC TITRATIONS—III 
THE CONSECUTIVE TITRATION OF CALCIUM AND MAGNESIUM 


H. FLASCHKA and J. GANCHOFI 


ry, Georgia Institute of Technology, Atlanta, Ga., U.S.A 
pted 21 June 1961) 


Summary ) net titration of calclum in ammonia-ammonium chloride butler, pH 10, ts 
died. | enc is(aminoetl -tetra-acetic acid is used as titrant and murexide as indicator 
This met ) e direct titration of calcium in presence of up to a hundred-fold amount of 
immediately follow in the same solution to a 


ind Eriochrome Black T as indicator. Interferences 


INTRODUCTION 


vetric determination of calcium and magnesium is based 


vo aliquots. In the first aliquot calcium is titrated at a very high pH 


is precipitated as the hydroxide. In the second aliquot the sum of 

is determined at pH 10. The magnesium content is calculated by 

is procedure is a significant improvement over the methods available 
roduction of complexometric titrations. However, certain disadvantages 


persist and many papers have been published describing attempts to 


asking magnesium by hydroxide precipitation has some dis- 

[he precipitate will include calcium, thus causing an error which will 

rably high when a certain Mg:Ca ratio is exceeded. This error may be 

luced by adding the complexing agent (EDTA) in excess over the amount 

t and then precipitating the magnesium and back-titrating the excess 

iquot of the clear pernate.' However, this procedure should be 

as a separation and not as masking. Lott and Cheng* were able to 

co-precipitation of calcium considerably by the addition of polyvinyl 
in” reported the same effect with acetylacetone 

->d by the hydroxide precipitation is the adsorption of the 


! 


in detail by Belcher and coworkers Here, also, the 


! 2 . wba 2 
| or acetylacetone serves as an effective remedy 


vements, the precipitate still was considered a potential source 
s exclusion seemed desirable. Tichomorova and Simackova® per- 
yn of calcium at a high pH and avoided the magnesium precipitation 
‘f tartrate. For high concentrations of magnesium, considerable amounts 
are necessary for a complete prevention of the precipitation. When 
his method, and using EDTA as the titrant, the present authors found high 
ilcium, which is in agreement with Burg and Conaghan,’ and indicates 
he magnesium Is co-titrated 
When EGTA [ethyleneglycol-bis(aminoethy])-tetra-acetic acid] was introduced as 
titrant for calcium the situation was greatly improved, since the titration was 


4 


20 
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performed at a pH where magnesium remains in solution without the addition of a 
masking agent. The logarithms of the stability constants of the calcium and mag- 
nesium EGTA complexes are 11.0 and 5.2 respectively.° This difference is sufficient 
for the selective titration of calcium in the presence of magnesium. Excellent results 
have been obtained employing a potentiometric end-point with the mercury drop 
electrode on the macro’ as well as on the ultramicro scale.’ An indirect end-point 
using the zinc-Zincon system was developed, which permitted a visual titration.*:'” 
Unfortunately, this indicator system is very sensitive to changes in the ammonia 
concentration thus causing difficulties in its application to practical analyses. Both 
methods are somewhat restricted because certain important masking agents, in 
particular cyanide, cannot be used. 

Burg and Conaghan’ proposed a combination of the old and new methods 
These investigators titrated calcium at a high pH with EGTA (using Calcon as the 
indicator) in the presence of tartrate to prevent the precipitation of magnesium. No 
magnesium was co-titrated under these conditions because of the low stability con- 
stant of its EGTA complex. Unfortunately, it was impossible to proceed with an 
EDTA titration of magnesium (using Erio-T as the indicator) after lowering the pH, 
because the end-point was very sluggish. Therefore, they titrated the sum of calcium 
and magnesium in another aliquot and again found the magnesium by difference. The 
use of aliquots is inconvenient, and presents a serious difficulty when only a small 
volume of the sample is available. Another difficulty occurs in adjusting the pH to a 
value as high as 13 when a composite sample is to be analysed and ammonium salts 
have been introduced during any previous analytical operations. These salts would 
have to be removed before the calcium titration. 

[he present authors have attempted, therefore, to find a way to titrate calcium in 
the presence of magnesium at a lower pH. The pH should be in a range where 
magnesium is not precipitated, thus avoiding errors arising from occlusion, adsorption 
or the addition of a masking agent. Furthermore, the magnesium should be titrated 
in the same solution immediately following the calcium determination after only a 
change of indicator and titrant. 

A method based on a visual end-point detection did not seem feasible for theor- 
etical reasons; hence, attention was directed towards a photometric titration. An 
indicator unusable in a visual titration because of a sluggish end-point might be 
used in a photometric titration. Furthermore, the second colour transition in the 
presence of the first indicator will be more readily detected by the phototitrator than 
by the observer's eye 

Preliminary experiments showed that of all the indicators investigated murexide 
was the only one which gave a useful colour change with calcium at pH 10. The 
colour transition at the end-point at pH 10 was insufficient for a visual indication, but 


gave well developed titration curves when a phototitrator was used. Murexide has 


frequently been used in photometric titrations of calcium at higher pH values before 


the introduction of better indicators."»'* To the best of the authors’ knowledge, 
murexide has never been used at pH 10. 

rhe absorption spectra of murexide and the calcium-murexide complex at pH 10 
are shown in the lower part of Fig. | by curves I and II. Subtracting the two curves 
gives what may be called the A-curve, A, in the upper part of Fig. 1. The A-curve 


shows that the largest difference in the absorbance at the end-point occurs at 490 mw. 
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/) 
A 


nplex, Ill 


three samples 


us I (from lower 


At pH 10, the formation of the magnesium-murexide complex must also be con- 
sidered. The colour of this rather weak complex is yellow. Its absorption spectrum 
is shown as curve III in Fig. |. Therefore, with high magnesium concentrations the 
colour change will not be to that of free murexide but to the yellow of the magnesium 
complex. With the phototitrator the situation is a fortunate one, in that at about 
505 my absorbance curves of the magnesium-murexide complex and the free murexide 
show an isosbestic point. At this wavelength the response of the phototitrator is 
ndependent of the “colour-change”’ i.e., whether it proceeds to that of murexide or 
its magnesium complex. This fact is also evident from the A-curve, B, which is 
obtained by subtracting the absorbance curve of the free murexide from the curve of 
the magnesium-murexide complex. The optimum wavelength for the titration, 505 my, 
can also readily be read from curve C, which is obtained by subtracting curve B from 
curve A (upper part of Fig. 1.) 

Despite the fact that the magnesium-murexide complex is weak, a large excess of 
magnesium might cause a shift of the equilibrium 


Ca—Mu Mg Me—-Mu Ca (1) 


(omitting charges for simplicity) towards the right to an extent that no useful end- 
point could be obtained. However, experiments have shown that even with a ratio of 
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Mg: Ca 100:1, the break in the titration curve is still sufficiently pronounced to 
permit a sound extrapolation towards the end-point 
The maximum in the A-curve for Erio T and its magnesium complex is at approx- 
imately 620 mu. Murexide does not absorb appreciably at this wavelength, hence 
there will be no interference when magnesium is titrated after finishing the calcium 
determination. Preliminary experiments have shown that there is no interference 


from a small excess of EGTA when magnesium is titrated with EDTA. This excess 


results from the calcium titration, since some points beyond the end-point are necessary 


in order to provide an appropriate basis for the extrapolation. Tht > EDTA 
titration of magnesium can be performed in the same solution immediately following 


the determination of calcium 


EXPERIMENTAI 


1] ; ' > rrried r th th * tatit oe j ai en ~ 
All titrations were carried out wit n notot ito ies i reviOus pay] 

] ht th 1 na 2 : ‘ { 5 ’ 
Rectangular cells with light paths of and 3cm and a capacity of 100—200 ml 


absorbance curves were made with a Cary Model 14 Recording S trophotomete! 


Reagent 
Solutions of the tal 1ons Were prepared Irom a opriate alts. EGTA and EDTA solutions 


were prepared by d spersing the acids 11 -iOnl ter and adding enough sodium hydroxide to 
achieve complete dissolution The solu ns re i lardised accord! lig LO Well-esS ablished chelo- 

> ] re mn t ' yire > , ; r ' ] ‘ , n 1 n 
metric procedul The indicat irexide and Eriochrome Black T were ground with sodium 


chloride to a fine powder 
) 
Procedure 
+ > ro) rad Y > ‘+ mW ¢ | ’ liy nm > . sf ant +} > r ; 1] } ’ 
Exactly measured volumes o etal 10n solutions were pipetted into the titration cell and when 


1 | 


1 lium hydroxide. Between 5 a1 10 ml of buffer 


necessary were approximately neutralised with soc 


(pH 10) were added, and the solution was diluted to about 150 ml. The cell was positioned in the 


phototitratol ind the 508-my interference filter was inserted into the filter holde th this solution 


as reference 100 transmittanc was set on the galy inometer \ spat ila tip of ascorbic acid was 
added to prevent air oxidation of the indicato Murexide indicator powder was added, and the 
calcium was titrated with EGTA. The transmittance was recorded and plotted on semi-log graph 
paper. After the calcium end-point was found, the 622-my. filter was inserted and Erio T indicator 
was added. The transmittance was adjusted to about 95°% (instead of 100°, to provide room fot 
changes through dilution) and the magnesium was titrated with EDTA. The end-points were found a 


f 


the intersection of the straight lines drawn through the recorded points 


TS AND DISCUSSION 

[ypical curves are presented in Fig. 2 for the determination of calcium and mag- 
nesium alone and for the titration of calcium in the presence of various amounts of 
magnesium. The end-points in cases of high Mg: Ca ratios can be located better 
when the curves are replotted in terms of absorbance on linear graph paper with a 
suitable scale 

Table I shows the very satisfactory precision 

Those metal ions which interfere with the visual titrations of calcium and magnesium 
of course also interfere with the photometric titration. The same methods of masking 
can be used successfully with the exception of masking by precipitation. Potassium 
cyanide was used to mask Co, Ni, Cu, Zn, Cd and Hg. Aluminium was masked by 
the addition of triethanolamine. [ron was converted into the ferrocyanide complex." 
When tartrate ion is involved during a masking procedure, care should be taken to 


avoid too great an excess of it. In the presence of unduly large amounts of tartrate 





Me(NO 0-1M 


Found, ml 


4:4] 
6:02 
3-06 
O-9S 
t determined 
determined 
determined 


(0:-2M Me) determined 


» galvanometer pointer was observed for which, at the present time no 
explanation can be given 


ntial to protect both indicators from air oxidation (which manifests itself 
of the galvanometer) by maintaining a sufficient concentration of ascorbic 
n the titration solution. If the titration is extended over a longer period of time, 


idditions of ascorbic acid during the titration are recommended. 


I 


is of advantage to keep the solutions reasonably free of carbon dioxide, other- 


te of calcium carbonate may form. This precipitate will disappear 


a precipitat 
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during the course of the titration. It is, however, important to proceed very slowly 
especially near the end-point, because the dissolution is a slow process. No false 
results are obtained when working with slightly turbid solutions when the rate of 


titration is reduced appropriately. 


The new method was pract cally evaluated by the analysis of an NBS sample “Burned Magnesite 
No. 104°". The sample was dissolved in hydrochlo a end filtered into a volumetric flask. An 
aliquot of the solution was taken, the iron and alt jun wit anide and triethanolamine 
A turbidity which occurred during the process was filtered I 1e calcium was titrated with 
EGTA in the manner described above 

\ determination in triplicate gave the folk 

38°. compares favourably with the certified 

1 AIOY é [ nis Ww ae v« : ~ 7 nd i« rant IT n th al Mal cirence Foundatior 
Permission to use their Cat | : trophoto! er was give { yca-Cola Co., Atlanta, 


Ga., U.S.A The Nationa reau Ol tan¢ IS provided e magnesit ampi These aids are 


gratefully acknowledged 


Zusammenfassung Yie photometrische Titration vé alcium in Ammoniak-Ammoniumchlorid- 
Puffer pH 10 wir« schrieben. Athylenglycol- bis(aminoathyl) tetraessigsadure ist das Titrations- 
mittel und Murexid der Indicator Die Methode gvestattet die direkte Bestimmung von Calcium in 
Gegenwart von bis zur hundertfachen Menge Magnesium. Die Bestimmung des Magnesiums kann 

nmittelbar anges ossen werden, wobei mit ADTE titriert wird und Eriochromschwarz T als 


Indicator dient tGrungen werden untersucht und tiber thre Ausschaltung wird 


Résumé—Les auteu! nt | ige photomeétrique d alcium en tampon ammoniaque- 


chlorure d' ammonium ¢ | "¢ ne glycolbis (aminoéthy]) tétracétique est utilisé comme 

‘+ rant ‘ 1 . ' te} ‘ nn ; rr tle t re dit t mm , 
agent ant et la murexide comme indicatet ett t rm le titrage direct du calctum en 
présence de plus de cent fois plus de magt ! age du magnésium peut suivre immediatement 


dans la men solul 1 le point equivalent ant tern pal ph tométrie en utilisant TEDTA 


comme agent titrant et le noir é1 ne T cen »indicateur. Les interférences et leur élimination 
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DETERMINATION OF ALKALI SULPHIDES 
BY DIRECT TITRATION 


SANDOR A. KISS 
Komb it. Kazincbarcika. Hu 


10 May 1961) 


Summary ew titrimet I 10d has been d O] for the determination of sulphides with 
The determination must be carried 


determination is not interfered with by sulphur 


> and rapid iodometric method cannot be applied to the determination of 
e content of sodium sulphide, because sodium sulphide is decomposed 

into various sulphur acids through time; the presence of these interferes with the 
The determination is sometimes made by precipitating the sulphide 


titrating the sulphide precipitate 1odometrically after 


ary precautions are taken, the method is fairly accurate, 


therefore to develop a rapid direct titration method. 
ethod was developed on the basis of the property of sulphide of forming 
le precipitates with many cations. For precipitation-titration investiga- 
dmium ions were selected; the end-points were determined potentio- 
Employing sulphide solutions of high purity, the titration can be carried 
id a sudden potential change of 1000 or 300 mV respectively, 
point 
the results obtained with various standard solutions, a constant deviation of 
(corresponding to the solubility product) can be maintained. 


Should sulphur acids (sulphite, thiosulphate) or chloride be present in addition to 


sulphide, the determination can be made only with cadmium standard solution, since 


eact with sulphur acids and chloride. 
tigated whether the end-point of the titration with cadmium 
the very elegant dead-stop method. On the basis of the promising 
a dead-stop indication method for the determination of sulphide with 


oe | ] 4 . >] > 
etate standard solution was developed. 


EXPERIMENTAI 


Dissolve 2 r of ¢ nium acetate, Cd(CH,;COO),-2H,O, and 5 g of concentrated acetic acid in 
1000 1 e cadn acetate solution is standardised, by the present method against a sulphide 
yn of which has been determined 
the sulphide solution is determined by precipitating the sulphide by excess 
tering, transferring the cadmium sulphide precipitate together with the filter 
ric acid— iodine standard solution, and titrating the excess iodine by thiosulphate 
rhe sulphide concentration is calculated from the iodine consumption 


whe) 


6 





Determination of alkali sulphides 


Procedure 

Transfer 20 ml (20—50 mg of S) from the approximately neutral solution under investigation to a 
beaker, dilute by boiled distilled water to ca. 50 ml, and add approximately 1 g of crystallised sodium 
acetate. Employing a galvanometer of 4-0 10-* A sensitivity for 50-100 m\ potential, 
titrate the solution with a 0-1M cadmium acetate standard solution, using dead-stop indication. 
During titration, the current intensity decreases continuously, but increases suddenly at the end- 
point 


The accuracy of the method | Q-2 Results of measurements are show 


TABLE | 


Weight 


mea oft 


~ mM bh bh 


DISCUSSION 
At the beginning of the titration, the galvanometer needle must be near the end 
of the scale, since the current intensity decreases continuously during titration, but 


shows a sudden increase only at the end-point (Fig. 1.) This increase in intensity is, 


Fig 1. Titration curve of sulphide ion 


however, only transitory, since it decreases again upon addition of excess standard 


solution. It is probable that the increase in intensity of the current is brought about 


by the system consisting of dissolved cadmium sulphide and cadmium acetate. The 
dissociation of the cadmium sulphide is slowly suppressed by the excess cadmium 
acetate, resulting in gradual decrease of the intensity. 

The determination can only be carried out below pH 7, because at higher pH 
values there is no sudden change at the equivalence-point. The reason for this is the 
reaction of hydroxyl ions with cadmium, which occurs to a greater extent when the 
hydroxyl is bound to ammonium ion. In neutral and acidic media, ammonium ion 
does not interfere with the reaction. 





SANDOR A. KISS 


In strongly acidic medium, loss of sulphide from the solution is considerable. 


account the above considerations, a sodium acetate medium ensuring a 


Taking into 
pH of ca. 6-6-4 was selected for the measurement. 
The determination is interfered with by hydroxyl and cyanide 


No trouble is 


caused by sulphur acids, nitrite, chloride, ere 


rrker, Mrs. Rozsa B 


yportunity to express my thanks to My CO-Ww¢ 


p< 


icknowledge take this of 
Doszpod for her help in carrying measurements 

ode zur Bestimmung von Sulfid mittels € admium- 
iusgearbeitet. Die Titration muss in einem mit 
Die Bestimmung wird nicht beeinflusst 
ind Cyanionen 


Zusammenfassung 


werden 


trit, wird jedoch durch Hydroxyd- 


Résume néthode titrimétrique de dosage des sulfures par une 
1 ¢ 

1ation du point équivalent par dead stop. Le dosage 

icétate de sodium. Les oxydes de s le 


yutre Ou 


yxyle et cyanure le pertubent 
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5-AMINO-2-BENZIMIDAZOLETHIOL AS AN 
ANALYTICAL REAGENT—I 


SPECTROPHOTOMETRIC DETERMINATION OF PALLADIUM 


J. G. SEN GUPTA 


Coates Chemical Laboratories, Louisiana State University, Baton Rouge, | 
Received 27 March 1961 


Summary—The orange coloured complex formed by pall. 

in the pH range 2-4 forms the basis of a very sensit 

trace amounts of the metal. The complex shows maximum absorpti 

has negligible absorption, and it obeys Beer's law from | to 8 ppm of pa 
being 2-7 ppm where the percentage relative error pe! absolute photon 
sensitivity of the reaction ts 0-008 “g/cm Most of the common cations 
effect on the complex. The interferences ome of the platinum metals a 
the complex in the cold and using EDTA (disodium salt) as a masking as 


t) 


by the molar ratio method shows that at pH 3-42 the solution contat 


4 
> 


the dissociation constant { the latter Deing 1-3 10 However, a 
pitation of the orange-red palladiun ymplex occurs, and the precipitati 


1alySIS OF tl 


INTRODUCTION 


5-AMINO-2-BENZIMIDAZOLETHIOL (I) has been found to be 


spectrophotometric determination of palladium in aqueous solution. Since no 


mention of the use of the reagent in analytical processes is found in the literature, a 
systematic study of its reactions with noble and common metals has been undertaken 
This showed that with the exception of iron the reagent was almost unreactive towards 
common metals. It reacts, however, with some platinum metals and silver, but under 
controlled conditions it is highly selective for palladium'. The orange coloured 
palladium complex is soluble below pH 5.5 and shows maximum absorption at 390 
400 my where the reagent absorption is negligible. The reagent precipitates palladium 
quantitatively above pH 10, suggesting the possibility of its use as a gravimetric 
reagent. 
EXPERIMENTAI 

1 pparatus 

Wavelength-transmittance curves of the complex were obtained with a Beckman DKI1 recording 
Spectrophotometer, and absorbances of other solutions were measured with a Beckman DU Spectro- 
photometer. In all cases, 1-00-cm silica cells were used 

\ Beckman model G pH meter was employed for all pH determinations 

Present address: Department of Chemistry, University of Toronto, Toronto, 


799 
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dard solution of palladium was prepared by dissolving | g of 


10 ml of concentrated HCI and diluting to 500 ml. This 
by the -picolinic acid method 
\ 0-5 °, solution of the reagent was prepared by suspending 
Eastman Organic Chemicals Department, U.S.A.) in 
se addition of 6N acetic acid and stirring 


> AX 


re 3-42-5-89 were prepared by mixing 0 2N acetic acid 


ns were prepared is described 


weak acid 
does not react 
With Fe it 


metals are listed 


n not solution 


old solution 

n cold solution 
we colour 

As in cold solution 

As in cold solution 

As in cold solution 

As in cold solution 


White precipitate 


added to the palladium” 


} 


with buff 


er solution of pH 


absorbance was measured 


AND DISCUSSION 


of the complex (Fig. 1) shows that the 


lace in the region 390-400 mu. where the reagent has 


ICE ration and time 
id 4 the absorbance of the complex remains constant at 390 my. 
he absorbance increases slightly 


palladium, 


5 ml of 0.5°% reagent are necessary for full development 


Greater amounts of reagent do not increase the absorbance if the 


re carried out against a reagent blank at 390 mu. 


yegins to develop instantaneously at room temperature when the 


to a palladium solution at pH 2-4, and a constant absorbance value 
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is obtained after standing for 35 minutes and measuring at 390 mu. The colour is 
stable for 24 hours. 
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Fic. 1.—Wavelength-transmittance curves of 5-amino-2-benzimidazolethiol and its palladium" 
complex at pH 3-42. 
Curve 1: 8 ppm of palladium! +5 ml of 0°5% reagent solution 
Curve 2: 5 ml of 0:5°% reagent solution diluted to 25 ml with buffer, pH 3-42 


Beer’s law, optimum range and accuracy 
The colour complex obeys Beer’s law for a palladium concentration of | to 8 ppm 
(Fig. 2). Ringbom’s* curve (Fig. 3), as obtained by plotting percentage absorptancy 
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transmittance) versus log concentration, shows that the optimum 


range is between 2 and 7 ppm where the percentage relative error per | % 


ytometric error, as evaluated by Ayres’ equation,° is 2-95. 


complex at 390 mys, 





Spectrophotometric determination of palladium 


Sensitivity 


Sandell’s® spectrophotometric sensitivity, as calculated from Beer’s law data, is 
0-008 we/cm*. and the molecular extinction coefficient is 5-46 10*. This is calculated 


M 


from the equation: Molecular extinction coefficient - where M mol. wt. in g 
S 


of the 1:2 complex, S Sandell’s sensitivity.° 


Effect of diverse ions 


The effect of diverse ions on the complex was studied by adding different amounts 


of the ionic species to the palladium" solution and then developing the colour exactly 


as outlined under Recommended Procedure. An increase or decrease of 0-005 unit in 
the absorbance value was considered to be an interference. It was found that the 
disodium salt of ethylenediaminetetra-acetic acid (EDTA) could increase the tolerance 
limits of a number of ions. The tolerance limits of various ions for 4 ppm of pallad- 
ium!!, with and without EDTA (disodium salt), are given in Table II. 


ABLE I] 


Platinum’ interfereseven in the presence of EDTA (disodium salt). Osmium should be 


separated from palladium as osmic acid by nitric acid distillation® in order to avoid 


its interference 


Composition study of the palladium comple \ 


Che composition of the complex in solution was studied by the molar ratio method 
of Yoe and Jones.’ For this method, solutions were prepared at pH 3-42 in such a 
way that the palladium" concentration remained constant but the ratio of the moles 
of reagent to the moles of palladium varied from 0-25 to 4-0. The absorbances of 
these solutions were measured at 390 my against a water blank. The results, as 
represented in Fig. 4, show two breaks corresponding to 1:1 and 1:2 complex-forma- 


tion between the metal and the reagent. Evidently at the lower reagent concentration 
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is formed and this changes to a 1:2 complex when the reagent is 


The palladium-reagent complex was found to be precipitated above pH 5-5, but 


ipitation was quantitative only above pH 10. The palladium complex pre- 


cipitated both at pH 6 and at pH 10 was filtered through a sintered-glass crucible, 


roughly with hot water and dried at 110°. An accurately weighed amount 
dried portion was then decomposed by wet digestion with nitric acid-per- 


icid mixture and the palladium was determined by the ~x-picolinic acid 
7 t 





3 4 
of palladium 
palladium to reagent 
6:78 10-°M; reagent 
mplex was found to have the composition Pd(C,;H;N,;S). | Pd cale., 
at pH 10) 


constant 
the absorption data of Fig. 4, the dissociation constant of the 1:2 palladium 
lex in solution was calculated by employing the equations K (xC)(naC)’ 
id (I E.)/E. of Harvey and Manning® and the value was found 


10-' at room temperature. 


Comparison of 5-amino-2-bhenzimidazolethiol with other colorimetric organic reagents 
for palladium 

Table III illustrates the organic reagents that are available for the colorimetric 
determination of palladium in the optimum concentration range of 0°5 to 10-0 ppm. 
rhough some of these reagents are fairly sensitive in developing a colour, almost all 
suffer from non-specificity for palladium, so that in all cases prior separation of 
palladium is essential. The advantage of using 5-amino-2-benzimidazolethiol is that 
it does not react with common metals, and under controlled conditions it can be 
made highly selective for palladium. It also compares favourably with other reagents 
in sensitivity and in the concentration range of palladium with low percentage relative 


error 





palladium 


1cANO 
ot Che 


Zusammenfassung 


metrische ; I | St 


Die Empfindlichkeit 


Farbe in der Kalte entwickelt t 
der Reakti 2 Komplex nachweisen 


Die Dissoz 
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Die Fallung ist bei pH 10 quantitativ. Der Niederschlag zeigt eine Zusammen- 


ior pal 


orangée formée | le palladium et le 5-amino-2-benzimidazolethiol dans un 


a la base d’une méthode colorimétrique tres sensible de dosage de traces du 


un maximum d’absorption a 390 mu, longueur d’onde a laquelle le 


| suit la loi de Beer de 1a8 p-p-m de palladium (11), le domaine 


igeable: 
r une erreur photo- 


p.p.m., pour lequel l’erreur relative, pou 
ig/cm*. La plupart des 


La sensibilité de la réaction est 0,008 
Les interférences des métaux 


sant ! EDTA (sel disodique) 


sans effet sur le complexe coloré 
ormant le complexe a froid et en utili 
la composition du complexe par la méthode du rapport 

1 contient les complexes 1/1 et 1/2, la constante de dis- 

a pH supérieur a 5,5, la précipitation du 

tative a pH 


> TT." + lA > ant 
devient compietemen 


n rapport métal/réactif de 1 


58, 161, 100 
Longmans, Green and 


75 


{icta, 1959, 20, 532 


1944, 16, 11 


Soc., 1950, 72, 
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SPECTROPHOTOMETRIC AND POTENTIOMETRIC 
STUDIES ON THE COMPOSITION OF IRON COMPLEXES 
OF POTASSIUM MOLYBDO- AND MOLYBDICYANIDE 


WaAHID U. MALIK and S. IFTIKHAR ALI 
aboratories, Aligarh Muslim University, Aligarh, India 


Varch 1961 ccepted 30 May 1961) 


Summary—Iron forms a soluble complex with potassium molybdocyanide. An_ instantaneous 
blue colour is produced whe ‘rric chloride is added to a solution of potassium molybdocyanide. 
[he composition of the complex was determined by the method of continuous variation and by the 
slope ratio method, which indicated the existence of the complex KFe Mo!(CN) The formation 


constant of the c 7 10* and the free energy of formation works out 
a blue complex wit t um molybdicyanide, 
ising the Mo(CN) Mo(CN) e 


K Fe''MoY (CN) 


SOLUBLE complexes of heavy metal molybdocyanides are not reported in the literature. 
We, for the first time, obtained a Cr!!! complex of this type by the interaction of 
chromium"! chloride and potassium molybdocyanide, and assigned the formula 
KCr'IMo* (CN), to the red compound!* thus obtained. Other soluble complexes 
of this series were obtained by the interaction of Fe! with potassium molybdo- 
cyanide and Fe!! with potassium molybdocyanide. This communication deals with 
the composition of these complexes as indicated by physico-chemical methods of 
examination 


{ IT 


Preliminary experiments on the interaction of iron"! chloride and iron™ sulphate 
with potassium molybdocyanide and potassium molybdicyanide respectively gave 
evidence of similar type of colour changes. Thus it was observed that with excess of 
iron!!! or iron" ions, a blue solution was obtained, but with excess of molybdo- or 
molybdicyanide a greenish-blue solution is obtained. Since the reaction appeared 
to be analogous to that observed in the formation of “iron blues”, it was thought 


worthwhile to elucidate the nature and composition of the complex or complexes 


formed, using various physico-chemical methods 


[he composition of the complex formed by the interaction of ferric chloride 


and potassium molybdocyanide could not be studied satisfactorily by conductometric, 


potentiometric or amperometric titration methods. Interestingly enough this complex 
was found to be reducible at the dropping mercury electrode, giving a typical polaro- 
graphic wave, but the polarographic method’ could not be successfully employed 
either in view of the fact that the complex became unstable on coming in contact with 
the mercury drops (a slight turbidity, followed by precipitation in the polarographic 
cell, was observed). The spectrophotometric method was, however, found useful in 
determining the composition and stability of the complex. This method was also 
tried for investigating the complex formed by the interaction of ferric sulphate and 
potassium molybdicyanide, but reliable information could not be obtained since 


K,Mo(CN), was appreciably decomposed by the light from the tungsten lamp of the 


3 
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hods were then tried and it was found 


potentiometric method, using a 


] ] niin sla le 
it platinum electrode 


ssolved in doubly 


th 1 oy , 
ethods Potassiun 


on 


experiments were 
m me lybdocyanide Was kept constant and 
the reverse order. The 


yrtion of the curve 








The ratio 
Mo(CN),” 
trationsol 
10 
Vi 1G 

VU 








Slope ra method 

Concentration of K,Mo(CN), 
10 M Concen- 
varied, 2 10-*“M 


tionof FeCl, constant, 


K,Mo(CN), 
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US Sulphate and potassium molybdicyanide were carried 


73); the indicator electrode [Mo(CN),! 


y a bright platinum electrode in the solution of 


um mol 
, 0-03M, 0:02M and 0:02M, were performed 


ybdocyanide. The titrations at three 


licyanide. In the cell fitted with the indicator 
f the molybdicyanide solution were taken and 


h » ol ’ y A sverce ft t ' 
e curves are shown tn Fig. 4. Reverse titrations 
le experiments were performed in a dark room 


id the decomposition of pot sium molybdi- 











yme ation. 10 ml of K.Mo(CN), of 
VU. and (3) 0-020M versus 0-1M FeSO, 


DISCUSSION 
i1uthors, including Davidson,” have extensively investigated the nature of 
on between ferrous chloride and potassium ferrocyanide and the composition 
of the complex. When iron!!! ions are added to an equimolecular quantity of ferro- 
cyanide ions, a redox equilibrium sets in with the result that the iron™ ions are 
almost completely reduced to iron! ions by the ferrocyanide ions, which, in turn, 


are simultaneously oxidised to ferricyanide ions. The possibility of such a redox 
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equilibrium, existing in the case of the ferric chloride-potassium molybdocyanide 
reaction appears to be remote, since the equilibrium constant value, 
[Fe®*][Mo(CN),*~] 
K298 $$ — 10:4, 
[Fe*][Mo(CN),?>] 
Fe? e, | 0 


Mo(CN),! Mo(CN),? 


is quite low when compared to the ferric chloride-potassium ferrocyanide reaction 
(K298 1-215 10°). Thus on theoretical grounds it could be inferred that the 
complexes formed by the interaction of ferric chloride and potassium molybdocyan- 
ide, and between ferrous sulphate and potassium molybdicyanide, could not be one 
and the same and unlike “iron blues” would have different compositions. 

The combining ratio of 1:1 for Fe** to Mo(CN),* is obtained both by the con- 


tinuous variation and slope ratio methods (Figs. 2 and 3) for the interaction of ferric 


chloride and potassium molybdicyanide. The composition of the complex would, 
therefore, be represented by the formula KE elliMo!*(CN),. according to the reaction, 
FeCl, K,Mo(CN), — KFe!!!Mo!*(CN), 3 KCI. 
[he formation constant of the complex was determined by the method followed by 
Mukherji and Dey'® for the reaction 
mA nN AmBn, 
where 


The formation constant is 


(a rb x) 


where x is the concentration of the complex, and a and #4 are the initial concentration 
of ferric chloride and potassium molybdocyanide respectively. Taking two con- 
centrations a, and a, and 4, and A, of the reactants giving the same optical density 
(that is the same value of x), 
x x 
K : 
(a, r)(A, v) (dg — x)(by 
a,b, 
(a, + 5,) 


Knowing the value of x from the above equation, K is calculated from different 
values of a and 6. Taking two concentrations of Fe®* and Mo(CN),*~ at the optical 
density 0:20 (Fig. 2), and the value of x from the above equation as 2°19 « 107M, 
the value of K was found to be 1°37 104. 

Che free energy of formation of the complex was calculated with the help of the 
expression 

AT RT Ink, 

where AF’ is the standard free energy change, R, the gas constant and T, the absolute 
temperature. The free energy of formation of ferric molybdocyanide complex works 
out to be —5:75 kcals. at 20°. 

Potentiometric titrations carried out at different concentrations of potassium 
molybdicyanide with ferrous sulphate give the combining ratio of Fe** to Mo(CN),* 





Wauip U. MALIK and S. IFTIKHAR ALI 


the formation of the complex K Fe" Mo’ (CN)., according to the 


FeSO, -- K,Mo(CN), — KFe!!Mo'(CN), + K,SO,. 


method, in addition to providing information regarding the composition of the 
nolybdicyanide complex, has demonstrated the utility of a new electrode (the 


- 
system at bright platinum) for investigating the 


Mo(CN),? e 
etal ions and potassium molybdo- and molybdicyanide. 


tween heavy 
could be used successfully for studying the precipitation reaction 


betwee! tassium molybdocyanide and Ni!!, Co, or Cu!!. 


vu einer Lésung von Kalium-Molybdocyanid 


Zugabe von Eisen(II1])-ionen 
Die Zusammensetzung des Komplexes 


Zusammenfassung if Z 

lich ein blauer, wasserléslicher Komplex 
rund eines Job-Diagrammes und nach der Methode der Neigungsverhé iltnisse als folgende 
K Fe(I1]I)Mo(1V (CN) Die Bildungskonstante betragt | 37 10*. Die freie Bildungs- 
i 20°C berechnet. Ferrisulfat gibt auch mit Molybdicyanid einen 
durch Potentialmessungen an Gleichgewicht 


und ist KFe(IIl)Mo(v) 


Zusammensetzung wurde 
e~ an einer blanken Platinelektrode ermittelt, 
(CN 


(111) a une solution de molybdo-cyanure de potassium, il se forme 


La composition du complexe a été déterminée par la 
s continues et par la ces méthodes montrent 


K Fe Mo'tY)(CN),. La constante de formation du complexe est 1, 10! 
nation calculée est Le sulfate de fer(II) donne aussi un 


Résumé 
ylexe bleu soluble 
par la méthode du rapport des pentes; 


5,57 kcal. a 20°. 


lybdo-cyanure de potassium. Sa composition a été étudiée par potentio- 


ylatine poli, utilisant le systeme oxydo-réducteur: 


Mo(CN),! Mo(CN), e 
K Fel) Mo! )(CN)g. 


nte pour le complexe: 
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CONTRIBUTIONS TO THE BASIC PROBLEMS OF 
COMPLEXOMETRY—VII* 


DETERMINATION OF COPPER AND IRON 


RUDOLF PRIBIL and VLADIMIR VESEL’ 


echosiovak Academy 


Summary 


de\ Ise d 


in the prese 


IN view of the conside 


nei 


complexes with iron!!! and copper 
| 


the possibility of direct consecutive determinations of the tw 

is actually possible has been demonstrated by potentiometric! as well as spect 

photometric* titrations of mixtures of iron and copper. In the field of visual titrations, 
1 1 


however, no suitable procedure hi o far been found. Such a method is possible 


only by the selective masking of copper 1¢ masking agents hitherto used for copper 
in ¢ dic medium (thiosulphate, thiourea, thioglycollic acid), the action of whi 


iL Vil 
| j 


consists in reducing copper!! to copper!, also react with iron!!! ion, thus rendering 


this determination impossible. Preliminary experiments with the above mentioned 


substances have shown thiourea to be the most suitable reagent. Once copper has 


been masked by thiourea in a weakly acidic medium it no longer reacts with an added 


excess ol I D1] \ tne solution remains colourless The | at ) ron Lives Tse 


to a brown coloration or even to a precipitate which, however, readily dissclves on 
the addition of EDTA; the solution is then yellow in colour because of the formation 
of an iron-EDTA complex. By back titration of an added excess of EDTA with lead 
nitrate using Xylenol Orange as indicator somewhat low results were obtained. At 
higher concentrations of iron, the indicator changes were blurred, which was probably 
caused by displacement of the iron! present and by blocking of the indicator. This 
drawback can easily be eliminated by preventing the reaction of iron with thiourea 
by means of another complexing agent—in our case by the addition of ammonium 


fluoride. The colourless fluoride complex of iron!!! is virtually inactive towards 


thiourea. The masking of copper by thiourea also has the advantage that 


. -] ‘-— > “Ar le, “Arme he > meth | ' he n: > t he 
colourless copper! compiex is formed The above method can be applied to the 


determination of iron even at high concentrations of coppet 
EXPERIMENTAI 
Reagents 
0-0SM solutions of FeCl,, CuSO,, Pb(NO,). and EDTA were 
chemicals 1eir concentrations were controlled by suitable compl 
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SOME THEORETICAL AND PRACTICAL PROBLEMS 
IN THE USE OF ORGANIC REAGENTS 
IN CHEMICAL ANALYSIS—I 


EFFECT OF DONOR zw BONDS ON THE STABILITY OF CHELATI 
COMPLEXES CONTAINING SULPHUR 


K. BURGER 


Summary 
It has been now! tnat tne avdilit Ol ne t I Ontaln uipnur <¢ a lone r atom Snow 
marked dependence on the effect of tl onor 7 bond n the basis of theory it is ] le to explai 
the optimum pH range for the an: 

IN the formation of complexes one must consider, in addition to the conventional 
co-ordinate bonds, the possibility of the formation of donor z bonds by certain metals. 
In such cases d electrons are delivered by the metal to a free d or p orbital of the 
ligand. The delivery of an electron raises the electron affinity (electrophilic nature) 
of the metal, thus increasing the attacking power of nucleophilic ligands, i.e., the 
strength of the o bond between the metal and the ligand. 

) 


The role of donor z bonds in complex chemistry was first pointed out by Pauling, 
f : | ; : 


Philips,” Chatt? and Dewar.* Recently, a number of authors?’ have emphasised that 
the formation of a donor z bond leads to an increase in the stability of the complex. 
So far, in the field of chelate complexes, no investigations of this type are known, 
although it would be possible to interpret several anomalies on the basis of this 
phenomenon. 

The object of the present study was to investigate the occurrence and the effect of 
the donor z bond in the complexes of chelate-forming agents which contain sulphur 
as one of the donor atoms, and to examine the field of application of molecules of this 
type (in the present paper dithizone) as organic reagents. 

rhe prerequisites for the formation of a donor z bond are as follows: 


(1) The presence of free d electrons among the valence electrons of the central 


metal atom is essential. With increase in the number of d electrons, the probability 


of formation of 7 bonds becomes higher. 

(2) A free d or p orbital capable of accepting an electron from the central atom 
must be present in the external electron shell of the donor atom of the ligand. 

(3) A stable o bond must exist between the central atom and the ligand. 

According to existing information, the following cations are capable of forming 
donor 7 bonds: Cu*, Ag*, Au*, Zn?*+, Cd**, Hg?*, Cr?+, Mn?*, Mn®*, Fe**, Fe° 
Co?*, Co**, Ni®*, Cu**, Pd**, Pt®* and Pt***. Of the ligands acting as chelate- 
forming agents, molecules which contain sulphur, selenium, phosphorus or arsenic 


The formation of donor z bonds can also be presumed in the case of other metals to a lesser extent 


6Y 
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are capable of forming bonds of this type, in contrast to those 
trogen* or oxygen as donor atoms. 


es connected with the stability and the chemical behaviour of chelate 


ing sulphur as a donor atom can be interpreted in the following 


‘tal complexes of the following three com- 


are presented in Table | 
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e derived by Irving and Williams!® does not 
donor a bond. In column 1, the zinc 

series Mn*+, Fe“+, Co*t+, Ni*+, Cu*+, Zn? 
1 theory the validity of this rule depends on the 
yre exactly low spin-number or high spin-number) of 
In the case of paired spin arising from the change 
-Williams rule does not hold. As was pointed 

10or 7 bond exists, the o bond is also stronger, 
1e ligands is great, favouring the formation of 

xes with a strong donor z bond the anomaly 
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The existence of the donor 7 bond 


the oximes occupy a particular place among the 


itom. This problem wil discussed in a sub- 





Stability of chelate complexes containing sulphur 


TABLE I] 


pK 


t 


does not mean in all cases a stability of a ler which deviates 
Williams rule. There is no doubt, however, that the stronger the donor 
can be formed, the greater is the probability of the Irving-Williams ru 


h 


Che stability exponent values published by Schwarzenbach enable 


the increase of stability caused by the donor 7 bond for 
Table I. 

Taking into account the analogous nature of the three molecules, an 
structure of the complexes formed, the differences, pKs pA. and 
the stability exponents denote the increase in stability caused by 
the donor atoms, nitrogen and oxygen, respectively, by sulphur (Tab 
and 2). Since the substitution of a sulphur atom changes the acidic dissociation 
constant of the molecules (particularly in the case of oxygen). this fact must also be 
considered when establishing the stability increase caused by the donot bond. In 
the case of the analogues of 


CH COO 


CH.—COO 


(where the group R did not contain any donor atoms and only altered the acidic 


dissociation constant of the compound), the stability constants of the complexes were 


plotted by Schwarzenbach" against their acidic dissociation constants. Stability 
increases caused by the co-ordination of the fourth donor atom, (sulphur in the case 
of compound S, where R S—CH,—CH,; nitrogen in the case of compound N, 
where R H,N—CH,—CH,; and oxygen in the case of yuund O, where 
R = HO—CH,—CH,), were characterised by the distance of the experimentally 
determined stability constants from the curve in Schwarzenbach’s diagram, measured 
on the ordinate (in terms of pX). From these data, the stability increase resulting 
from the formation of the donor 7 bond was calculated (Table II, columns 3 and 4). 
rhe values in columns | and 3 are approximately identical. This may be ascribed to 
the fact that the acidic dissociation constants of the compounds S and N are almost 
the same (py 10-79 for S, pKy 11-05 for N, but pAy = 8°73 for O). Thus, 
the stability increase is almost exclusively caused by the donor 7 bond 

On considering the identical structure of all three complexes (identical ring 
number, efc.), the stability increase (rise of free energy of formation) may be ascribed 
to the change of enthalpy. The entropy factor remained unchanged. The change of 
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formation of the donor z bond can be calculated from 


RT In AK = AH 


srences between the stabilities of the chelate complexes of 


S —* 


8 electrons in the external electron shell and of those of metals 


hey contain sulphur as the donor atom can be explained 


of a donor z bond. In the latter case, the d electrons of the metal 


| of sulphur. In this way, it is possible to 


occupying the free d orbita 
in the stabilities of the ketodithizonate complexes of Hg" 


erences 


ose of ¢ d and Sn- ( lable [I1) 
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iI] 


Stability expone 


f ket 


tical external electron shell structure, the 

7 bond depen n the mobility of the delectrons. The mobility 
ticipating in the formation of a 7 bond can be characterised by 
ionisation of the metal ion in question (in the case 

he third ionisation potential). The lower this value, the more 
lo prove this statement, the stability exponents of the 

of Schwarzenbach" denoted as S, N and O, formed 

are presented in Table IV, together with the stability 


ketodithizonates of Cd** and Hg* Although it would also be 
‘rences of stability (particularly in the case of the com- 
y the Fajans theory of polarisation, the change of the 


the compound §S supports the postulated effect 


TABLE I\ 


the formation the donor z bond, the positive charge of the central 


1 


es slightly, because of a partial release of electrons. In the case of ions 


tical electron shell, the probability of formation of z bonds decreases with the 
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positive charge on the ion. A higher charge on the cation obviously 
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obility of the external d electrons. Thus, ligands capable of forming 


bonds tend to stabilise the lower valence state of metals. 
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Stability of chelate complexes containing sulphur 


On the basis of the theory of donor z bonds presented above, it 1s possible to 


explain the optimum pH range for the analytical use of organic reagents containing 


sulphur (particularly of dithizone). The greater the capacity of a metal cation, for 


forming donor 7 bonds the more stable will be its complex, and the lower will be 


TABLE V. OPTIMAL PH RAN 


the pH range where its ketodithizonate is suited for use ible ‘cordingly 


empirical Wichmann rule'® loses its validity 
t of the donor z bond on the stability of ketodithizonates proves, in 


accordance with the experiments of g'’ and Geiger,'*:'* and in contrast with 
the opinion of Fischer,*° 


that the r atom of dithizone participates in 


formation of complexes as a donor 


Zusammenfassung—Der Effekt der Donor- indung aut tabilitat von Chelatkomplexen wird 


studiert. Es wird gezeig lass die Stabilitat ils Donoratom enthalten, 


durch dieser n opl maien pH-Bereich 
fur die 


Résumé stabilité des complexes 
> atome donneur, 
dépend de l’act a | ma di neu! n se ba t sur la théor | tte liaison, il est 


possib Se Gg 
FREN(C 


Hunter 
3340 


rance, 1951, 


1955, 2936 


r ol rings (ratio ol n ation of the external electron shell, and 
y10nisation potential ning the stability 


the metal compon ue of extractability 
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ISOTOPIC DILUTION ANALYSIS BY LON-EXCHANGE-—I. 


DETERMINATION OF TRACES OF IRON 


JAROMIR RUZICKA 
N 


GUULIO! 


amount 


plexing agent 


however 


solutions 
mNditior 

CONnCILION 
an 


less than c 


plexing agent n 


Casily separ§ra 





Wiki STARY and JAROMIR RUZICKA 


99-9 of the complexing agent Hn} should react to form the complex MY,* the 


following relation must be valid: 
[MY] > 0°999 cy, (1) 


initial concentration of the complexing agent. The equilibrium 
he metal M is given by: 


(2) 


1e initial concentrat of the me The equilibrium concentration of 


0-001 c, 


and A (4) 
the expression for the stability constant 


[H | 


} 


has no great influence on 
Cc \T Cry ‘ 


this term will be Also the term 
ufficiently high pH-values (i.e., at a pH-value at 


gent will be completely dissociated). For the determination of 

10-°M) it will therefore be possible to use only 
LO®. This condition is fulfilled by the complexes 
ethylenediaminetetra-acetic acid, 1,2-diaminocyclo- 


For instance the value of K,,, 107°. It follows 


hat iron!!! can be determined by this method at pH 2 to 3, 


ylvsis is not yet measurably evident, even when using very low EDTA con- 
~10-°M). The use of complexones has the advantage that the complexes 
either neutral or negatively charged, so that they can be very easily 


the excess ol 


yositively charged ions of the element being 


T 
t 
by the use of ion-exchange, paper chromatography, electrophoresis, etc. 


e stability constants of the various complexes it is also possible to determine 
e of interfering ions 
[M'Y] K [M’] 
. — (6) 
[M"Y } K yyy [M"] 
is equal to [M’], it is possible to determine [M’] in the form of the com- 
Ky, ; ; Kywry 
plex M’Y, when 10°, for [M*] 100[M’‘] the value of must be > 10”, efc. 
et 


f the charges has been omitted. 





Determination of traces of iron 


For instance, in the determination of iron"! in the form of a complex with ethylene- 


diaminetetra-acetic acid, no interference will be observed from most uni- or bi-valent 


metals, because for these the relation 10° holds. The metal which forms 


the strongest complex with a certain reagent can therefore be determined even in the 

presence of most other metals. By the use of masking agents which form complexes 

MB, with the interfering metals (the masking agent may also be the hydroxyl ion 

forming hydroxy-complexes—ammonia, efc.), it is even possible to determine select- 
' 


ively a number of other metals. In the presence of a masking agent the total con- 


centration of the metals is 


[M] + [MY] + [MBy] 


TM? |(1 
K 
It may be seen from relation (9), that at high values of the term 
possible to carry out the determination of the metal M’ even in the presen 
excess of the metal M”, which would otherwise interfere in the determination (the 


in the presence of chloride ions strong complexes 


are formed with Hg" and TI!!!, and therefore even an excess of these elements does 
not interfere in the determination of iron! in the form of a complex with ethylene- 
| 


diaminetetra-acetic acid, although the K,,;-y values for these elements are close to 


value of K,,y.* To increase selectivity, precipitating agents may be used in 


} , 


similar to the masking agents. In this case 


[M’Y] kK 
[M’Y] K 


(1Q) 


where S,, is the solubility product. For instance, it would be possible to use diethanol- 
dithiocarbaminate to mask metals of the first to third analytical groups when deter- 
mining Ca and Sr in an ammoniacal medium, since S,..,< S 

rhe use of dilution analysis also brings another advantage. This is the fact that 
after adding the radio-isotope to the solution being an ilysed, losses of the element 
being determined, occuring in further operations (when it is impossible to determine 


the element selectively in a single operation) do not influence the result of the analysis. 


EXPERIMENTAI 
Insti nents 
Scintillation counter with well-type Nal(Tl) crystal 
Set of 12 ion-exchanger columns, diameter 0:7 ¢ 
Re agents 
Twice distilled water: Further purified by passage through a column of ion-exchanger; used for 
dissolving all reagents, and for all other operations 





JAROMIR RUZICKA 


us HCI in water. 7 


le gaseous H¢ Was prepared 


HCl, boiled with a few 


t} 


us prepared was 
I 
concentration 


0-3 meq pel 


< 


times witha 


was repeated after 


Cais, a precisely 
disodium salt of 


no 
iit 
yn 
tl 


ifavoul their luminescent 
niques he determination 
Colorime\ (ric method. lO 20 2 
e sensitivity of the colorimetric 


dy extraction with acetylacetone 


he interfering metals) it is possible 


hydrogen 
dry. To the 


a known amount of 


few drops of (twice 
O01 M-acetylacetone in The organic 
eed not be carried out) and evaporated to 
1i¢ 5 ml of 0-01-0-001N HC] are added and the 


ysis is completed in the way already described. 
I 
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oe nr 
2c pl 


const 


and JAROMiIR RUZICKA 


1 in precisely the same way The amount of iron 
f 


(mean of 3 measurements), i.e., 3-6 10 


" ; 
(mean of 3 measurements) J.e., 0-6 10 


DISCUSSION 
ble I, it follows that iron can be determined in amounts 
average precision of the mean value of 1-2°%, in amounts 
average precision of 40°, and in amounts of 2°4 1 
ecision of 4°] 
int values (see Theoretical) it ay be expected that 
excess of the following metals will not interfere in the 
the form of an EDTA complex: Tl*, Ag*, Co**, Ni® 
| The stability of the Cr’*-EDTA complex is 
complex; but since the Cr’* complex 
even a one hundred-fold excess of chromium does 
of iron. Other metals which form very strong 
Ga**+, Bi*®+, Th**) interfere in the determination 


ght be expected from the theory, a ten-fold excess of 


letermination of iron, even though the stability constant of 


l 


six orders of magnitude lower than that of the iron- 

iy perhaps be interpreted as indicating that in passing 

il equilibrium of Fe-EDTA-Cu its shifted to the dis- 
interfering effect of copper is eliminated only when the 
s lower than that of iron 


mentioned that in the solution being analysed there 


large excess of indifferent ions (*>0-1M), which would lead 


the adsorbed iron. Also there should not be present in the solution 


t > i 1 
\ | SCL ae 


The 


metals, 


rrier 
Carrie 


Z.usammenfassung—|s 


Bestim Sp 


i 


Me 


t 


Ver 


Die Se 


rm negatively charged complexes with iron!!!, 

with literature data® it follows that the deter- 

method is more sensitive (maximum sensitivities of the 
in brackets) than the determination by flame photometry 
DC arc (2 « 10“ g/ml), by the copper spark 


). colorimetrically (5 g/ml) or by activation analysis (neutron 


5 


CONCLUSION 
1 selective determination of traces of iron is described, in 
ml, carried out by the method of isotopic dilution analysis 
proposed method may be used to determine trace amounts 


and its sensitivity may be further increased by the use of 


isotopes 
I 


Verbindung mit lonenaustauschern dient zur 


Theoretische Betrachtungen werden mitgeteilt und 


nalen Bedingung fur die Bestimmung verschiedener 


ektivitat der Methode kann durch Anwedung von Maskierungs- und 


gesteigert werden. Die vorgeschlagene Methode wurde anhand der Eisen- 


wend ing 


von EDTA und Dowex 50 (Kationenaustauscher) getestet. Die 


f =) 


t des Mittelwertes fiir Eisenmengen von 10-7 g Fe per 5 ml war 1-2 Fiir 10-° ¢ 
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Fe per 5 ml 40°, und fiir 10-* g Fe per 5 ml 4:1 Die Methode wurde zur Analyse von Nal(TI) 
Kristallen herangezogen. Die entwickelte Methode ist recht einfach und wesentlich empfindlicher als 


Kolorimetrie, Aktivierungsanalyse oder irgendeineder anderen bisher entwickelten Methoden. 


Résumeée— | 


‘analyse par dilution isotopique avec utilisation des échangeurs d’ions permet le dosage de 


Les auteurs donnent la théorie de la méthode, d’aprés laquelle les conditions de 
| 


traces de metaux 


dosage dun certain nombre de métaux peuvent etre prévues 


ultérieurement par 


} 


La sélectivité peut étre augmentée 
utilisation d’agents complexants et de précipitation. La méthode proposee a été 
e dosage du fer utilisant 'EDTA et la résine échangeur de cations Dowex 50. La 
precision moyenne des valeurs moyennes était 2% pour des quantités de fer 10-* g. pour 5 ml, 
4,0", pour 10°* g. de fer pour 5 ml et 4,1 g 


cnoisie po 


g. de fer pour 5 ml. Méme un grand exces de 
nombreux métaux ne géne pas l’analyse ‘ sthode a été appliquée a l’analyse de cristaux de 
Nal(Tl) 1ique Mise au point est tres simple et beaucoup plus sensible que la colorimeétrie, 
l'analyse pal tivation, Ou toute autre méthode, utilisée jusqu’a maintenant, pour doser des traces de 


le 


dJ Stary, Talanta 1961, 
Ruzicka, ibid., 296 


7 


nd J. Stary, ibid., 5 


warzenbach and | 
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CHELATOMETRIC DETERMINATION OF CYANIDE, 
THIOCYANATE AND CHLORIDE IN PRESENCE 
OF ONE ANOTHER 


ARTHUR DE SOUSA 
lytical Chemistry, Faculty of 


itv of Lisbon, Portugal 


Summary elatomett thod f the determination of anide, thiocyanate and chloride in 
p one portion of the sample all three ions are precipitated 
ire boiled with concentrated nitric acid 

nocyanate are decomposed 

expelled h ilver chloride precipitate is 

» and the liberated nickel is titrated with 

1 indirectly. The sulphate solution after oxidation 
barium chloride solution and the excess of barium 

The difference between the volumes of barium 

gives the thiocyanate content of the sample 

s determined by adding a known volume, in excess, 
xcess of nickel that has not combined with the cyanide 
ckel and EDTA solutions mult plied by 


1 factor gives 


ry small quantity of one of the components in the presence 


INTRODUCTION 
meti hods are too tedious for the separation and determination 
ocyanate and chloride in the presence of one another. The chelato- 


ocedure described is rapid because 


use 1s made of the same operation for 
r chloride and thiocyanate 

iple of the chelatometric method is that silver chloride is not dissolved 

tric acid, while silver cyanide and thiocyanate are decomposed and dissolve, 

being oxidised The silver chloride 1s filtered, washed, then 


1 
na solution 


th EDTA,** thus 


otassium tetracyanonickelate and the liberated nickel is 
determining the chloride content indirectly: 


2AgCl [Ni(CN) > — 2[Ag(CN),] Ni? 2Cl 


phate contained in the filtrate is precipitated by adding a known volume, 
ol 


barium chloride solution and the barium that has not precipitated is 
ithout filtering, with EDTA.*:* The difference in volumes of the barium 


and EDTA solutions (both solutions having the same molarity) multiplied by a 
the thiocyanate content 


is determined in a separate portion of the sample by adding a known 
excess, of nickel sulphate? and the nickel that has not reacted in the 
of nickel tetracyanide is titrated with EDTA solution (both solutions 

ime molarity). The difference between the volumes utilised, multiplied 
yr gives the cyanide content 


College, Brandon, Manitoba, Canada. 
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Chelatometric determination of cyanide, th ) te and chloride 


EXPERIMENTAI 


Reage nts 
Silver nitrate § 
Nitric acid 
0-1M EDTA solution } g disodium e 
Saturated aqueous solutio murexiae 


> P 
0-1M Potassium tetrac yanonickelate soiulion 


sulphate (in solution) altet being ymonial 
point 1s indicated when the solu 
0-1M Barium chloride s 

of the I DTA solution 


{queous solution 


{mnmonia 
Sodium hy 
0-1M Nict 
the EDTA 


: some 


The described C I ind mat | \ a 
y\duced in Table l. 


typical results obts 


The samples W | ! 

solutions of sodium c iC Im lm gO | sodium cyanide (1 ml 

| mg or 10 mg of ¢ , anc lium th | ml I mg of SCN>). 
\ tT ] l of 


and works we 


The method is very satisfactory 


one of the components ! 
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ME TYPICA RESULTS OBTAINED WITH THE DESCRIBED METHOD 


Found 


Zusamme elatometrisc thode zur Bestimmung vor anid inid und 
( rid ) ede in einen ] robe werden alle drei lonen durch Zugabe von Silber 


srsdure behandelt 


lberchloridniederschlag wird 


te Nickel mit ATDE titriert 
Bariumchlorid zugesetzt und der Uberschuss 


ub 


Probe wird Cyanid bestimmt durch 


on des uberschissigen Nickels mit 


Mengen einer Komponent nnen in 


Resume l le met le « f rique de dosage de nu { ( nat de 
precipites 


Les precipités sont portés a ébulliti a de lacide 


. > ; ] > 
nest pas aitere par ce traitement, cependa ue tle Cyanure 


composes. Ce dernier est oxyde en sulfate, le cyanure étant chassé 


ne solution de tétracyanonickelate de potassium 
irs en chlorure sont déterminées indirectement 
ite, est traitee par un volume connu d’une 
yum est titre par une solution d EDTA de méme 
on de chlorure de baryum et d EDTA multipliée 
echantillon 
d’echantillon en ajoutan lum onnu, en 
ant l’excés de nickel non combiné au cyanure 


] 


ckel et @EDTA multipli¢e par un facteur donne 


de doser de trés faibles quantites de | un des anions 
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5-AMINO-2-BENZIMIDAZOLETHIOL AS AN 
ANALYTICAL REAGENT—II 


SPECTROPHOTOMETRIC DETERMINATION OF RHODIUM AND 
THE SIMULTANEOUS DETERMINATION OF RHODIUM AND 
PALLADIUM 


J. G. SEN GUPTAT 
ina State University, Baton R« 


iccepted 16 July 1961) 


. ~ , hial |} 1 try | » } rh] oY , » > r . 
Summary imidazoietn oun { a highly itiy 19 t tor the 
colorimetric determination ot rnodiun i orange-yellow complex 
reagent, developed by heating in the 1 range 5, shows maximum ab 


practicable to use wavelength 390 mu, where the reagent absorption is negligible. The colour system 
: 


obeys Beer’s law from 0-5 to 4:0 ppm of rhodium!!!, the optimum concentration range being 1-0-3-5 
ppm where the percentage relative error per | lute photometric error is 2°88. Sandell’s spectro- 
photometric sensitivity of the reaction Is 0-004 we/cm Most of the common ions and rare meta 


ions, including uranium’?*, are without eff n t complex. Palladium 

colour, but a simultaneous colorimetric method for determining rhodium ind palladium 
mixture has been developed by determining rhodium and palladium together in hot solution and then 
subtracting the palladium determined inthecold. Interferences from ruthenium!!! and larger amounts 
of iridium are avoided by using EDTA (disod 
and the molar ratio methods, applied at pH 3-42 


1:2 and 1:3 complexes, their dissociation constants bein 2:7 10-!* and 6 10-?’, respectively 


im salt) as a masking agent. Thecontinuous variation 


, indicate that rhodium forms with the reagent 


INTRODUCTION 
IN a previous communication,’ > author introduced 5-amino-2-benzimidazolethiol 
as a very sensitive reagent for the colorimetric determination of micro amounts of 
palladium!. It was shown that palladium can be determined at 390 my after develop- 
ing the colour in the cold at pH 3:42 for 35 min. Rhodium"! gives no colour with the 
reagent in the cold, but when heated on a steam bath it develops an intense orange- 
yellow colour suitable for its spectrophotometric determination. 

Until recently only the stannous chloride method for the colorimetric deter- 
mination of rhodium has been widely studied by various workers but this method 
suffers from the drawback that almost all other platinum metals, present even in 
traces, will seriously interfere, hence their removal is absolutely necessary.* Recently 
thiomalic acid was introduced as a colorimetric reagent for rhodium,” but its sensitivity 
is lower than that of the stannous chloride method* or that of the present method 
developed by the author. Moreover, the tolerance limits of various ions, including 
the platinum metals, towards thiomalic acid seem to be very low.*:? There is therefore 
a need to search for new colorimetric reagents for rhodium which will not only be 
very sensitive but will also be relatively free from the interference of diverse ions 
including the platinum metals. 

*Part I—See Reference 1. 

Present address: Department of Chemistry, University of Toronto, Toronto 5, Ontario, Canada 
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study of the colour reaction of 5-amino-2-benzimidazo- 


is that the reagent is ideally suited for the colorimetric 
mounts of the metal 


EXPERIMEN 


determining the wave- 
ned with a Beckman 


was used 
tions were 


ised 


rhodium" 


solution 


was prepared from sodium rhodium 
f conc. HCl/litre 


STOCK 


te hydrochloric acid containing 10 ml o 


obarbituric acid method of Beamish ef a/ 
gent, buffer and other platinum metals and common ions were 


ibed prev ously 





Simultaneous determination of rhodium and palladium 


> >? > J j ry > " 
Recommended procedure 


Ten ml of 0-5 %, reagent solution were added to 1 
taken in a 25-ml beaker, and the mixture was heated on a 
development, and then cooled to room temperature 
transferred to a 25-ml volumetric flask, and the volume 
buffer « The absorbance was then measured a 


without rhodium 


DISCUSSION 
Spectral curves 
is evide TO! e wavelength-transmittance curve of the c: 
It vident from the w 1eth-transmittan ry f 
‘ le Maxi! n absorption (/.e. minimum transmittance) takes place at 370 mu 
that the maximum absorption | minimum transmittance) tak ) (0) 
But as the reagent absorption is also high in this region (c/ 9 1 practical wave- 
length of 390 my was chosen for all subsequent measurements, the reagent absorption 


at this wavelength being negligible 


Effects of pH, re agent concentration and time 


The complex is free from change of absorbance in the pH range 2-5 


pH values, however, there is a slight increase in the absorbance 

For 2-4 ppm of rhodium", 10 ml reagent are necessary for 
development 

rhe colour does not develop at room temperature, but if heated 
for 20 min the full colour develops, and the absorbance value does 
after a longer heating period. Once formed, the complex 


absorbance for 24 hr 


Beer’s law, optimum range and 
/ 


[he complex obeys Beer’s law in the range 0-5—4-0 ppm of rhodium! 


The optimum concentration range, as obtained from Ringbom’s® cu 
I 

between | and 3-5 ppm, where the percentage relative error per | 

> 


metric error, evaluated by Ayres method,’ is 2°88. 


Sensitivity and molecular absorptit 


Sandell’s spectrophotometric sensitivity.* as calculated from Beer’s 


0-004 ug/cm°. The molecular absorptivity for the 1:3 complex is 1-5 


y +7 


> , enthihiz 
Re prodaducioull\ 


Ten samples of rhodium! solution were taken for an examination of the repro- 


ducibility of the colour. The first five sets contained 2 ppm of rhodium! in each 


case and absorbance values for these were found to be 0:475, 0-475, 0-470, 0-475 and 
0-473. The second five sets contained 4 ppm of rhodium!!! in each case and absorb- 


i 


ance values were 0-93, 0-93, 0-93, 0-92 and 0-93. These results confirm the reproduci- 


bility of the method 


verse 1lons 


[he effect of various ions on the colour system was investigated by adding different 





~ 


complex at 390 n pH 3-42. 


amounts O 


the ionic species to the rhodium! solution and then developing the colour 


as Outlined under recommended procedure. An increase or decrease of 0-005 unit in 


the absorbance value was taken to be an interference. It was observed that disodium 





Simultaneous determination of rhodium and palladium 


salt of ethylenediaminetetra-acetic acid (EDTA) could appreciably increase the 


tolerance limits for various ions. The results are given in Table | 


TABLE I|.-DETERMINATION OF RHODIUM IN PRESENCE O 


EDTA (disodium 


salt) added, ol n tolerated, 


Maximum 


amount ol 


y) 


Platinum’’ should be absent, and osmium should be separated by disti lation? 
of the volatile osmic acid (OsQ,) 
Simultane OUS de fermination of rhodium and Dal 


Simultaneous determination of rhodium"! and palladium! from a mixture is 


1 


possible by taking advantage of the fact that palladium! 


when treated with the 


reagent at room temperature, develops its full colour intensity which does not change 
. 1 Ill | 1 

even after heating at 100°, whereas rhodium” gives a colour with the reagent only 

after heating. Experiments also showed that the absorbance values of rhodium and 


palladium complexes at 390 mu are quantitatively additive in character. 


Procedu é 


An aliquot of the ithetic mixtul rhodium and palladium!! solutions was treated as 
described earli f he determination of rhodium The absorbance was measured at 390 m 
against a reagent blank to obtain the total amount of rhodium and palladium. To another aliquot of 
1 


the same mixture of rhodium and pall 


reagent solution were added and the volume was made up with the buffer solution of pH 3-42 


adium!! taken in a 25-ml volumetric flask, 10 ml of 0-5 


allowing to stand for 35 min at room temperature, the absorbance was measured against a reagent 
blank at 390 my to ascertain the amount of palladium present. The absorbance value for palladium 
was then deducted from the total absorbance value for rhodium and palladium and the amount of 


rhodium was determined from this with reference to a standard curve 

The results as given in Table II show that rhodium and palladium can be deter- 
mined from a mixture when they are present in a 1:1 or a 1:2 ratio. The latter figure 
represents the limit of applicability of the determination 
Composition of the complex in solution 

The composition of the complex in solution was studied by the continuous 
variation!” and molar ratio!! methods. 


For these studies, equimolecular solutions of rhodium and the reagent were mixed in the correct 


proportions in 25-ml beakers, and after heating on a steam bath for 25 min and subsequent cooling to 





1. G. SEN GUPTA 


TERMINATION OF RHODIUM AND PALLADIUM 


Rhodium found, Palladium!! found, 


to reagent by the molar ratio method 


reagent concn. varied. 





room temperature, the volume was 1 


[The absorbances were measured at 


The results, as represented ll 9 id 5, indicate that ut the conditions 
employed rhodium!!! forms both 1:2 a1 3 complexes with the reagent. It appears 


1 


1, and this quickly chan he 1:3 


from Fig. 5 that first the 1:2 complex is formed, 


complex when excess of the reagent is present 


Dissoc lation constants 


By employing the absorption values of Fig 
the 1:2 and 1:3 complexes were calculated 
ef x) and x (E,. E.)/E.. of Harvey and Manning.!* 


to be 2:7 10-* for the former complex and 6 10 


icknowledgement The autl 


Chemistry, for providing 


U.S.A. for financial support 


kind sanction study leave 


Zusammenfassung—5-Amino-2-benzimidaz 
metrische Bestimmung von Rhodium(II1]) gefunden 

beim Erhitzen im pH-Bereich 2-5; das Absorptionsmaximum liegt 

bei 350 my arbeiten, » die Absorptions des Reagenses vernacl gbar ist , Gesetz 


zwischen 0.5 und 4.0 p.p.m. Rh erfullt. Der optima nzentrationsbet h ist 3S ppm, we 


t 7 


der perzentuelle Fehler pro | absolutem photometrischen hler 2:88 betras indell’s spectro- 
photometrische Empfindlichkeit der Reaction ist 0-004 ug/cm Die meisten gewOhnlichen Ionen 
sowie seltenen Metallionen, einschliesslich U (V1) sind luss. Pd(II) st6rt durch Farbung;: 


es ist aber méglich Pd Rh in heisser LOsung ur alter LOsung bestimmen und so beide 


Metall zu ermitteln. St6Grungen durch Ru(III) und grossen sngen Ir(1V) werden durch Maskieren 


mit ADTE ausgeschaltet. Bei pH 3-42 enstehen | :2 und 1:3 Komplex ren Dissoziationskonstanten 
zu 2:7 10 und 6 10 bestimmt wurden 

Resume L’auteur a trouve que le S-amu 2 midaz th tait un reactif tres sensible pou! 
le dosage colorimétrique du rhodium(II1) = Cc aune orangé rhodium(II1)-réactif, forn 
en chauffant dans le domaine de pH 2-5, présente un maximum d’absorption a 370 my; il est 
pratique d’utiliser une longueur donde de 390 my:, pour laquelle l’'absorpt 


Le systéme coloré suit la loi de Beer de 0,5 a 4,0 p.p.m. de rhodium(II1), le 


le meilleur étant 1,0 a 3,5 p.p.-m dans ce domaine le pourcentage d’erreur relative, pour une erreur 


photométrique absolue de | °,, est 2,88. La sensibilité spectrophotométrique de Sandell de la réaction 
est 0,004 ug/cm La plupart des ions communs et des ions métalliques rares, luranium(VI) y 
compris, n’ont aucune influence sur le complexe. Le palladium(III) géne en donnant une couleur, 
mais l’auteur a mis au point une méthode colorimétrique de dosage simultané de rhodium(II]) et 
palladium(11) dans un mélange: le rhodium et le palladium sont déterminés ensemble dans la 
solution chaude, puis le palladium déterminé a froid est soutsrait. Les interférences du ruthénium(II]) 
et de grandes quantiteés @iridium(1V) sont évitées en complexant ces métaux par |’E.D.T.A. (sel 
disodique). Les méthodes de variation continue et du rapport molaire, appliquées 4 pH 3,42, 
indiquent que le rhodium(III) forme avec le réactif les complexes 1/2 et 1/3; leurs constantes de 


dissociation sont respectivement 2,7 


REFEREN( 


' J. G. Sen Gupta, Ta/anta, 1961, 8, 729 
F. E. Beamish and W. A. E. McBryde, Ana/yt. Chi? ta, 1958, 18, 560 
3'V. L. Wagner, Jr. and J. H. Yoe, Talanta, 1959, 
*E. B. Sandell, Colorimetric Determination of s of /s, Interscience Pub 


Third Ed., 1959 





J. G. SEN GUPTA 


, Jr. and J. H. Yoe, Talanta, 1959, 2, 223 


1, W. A. E. McBryde, A. J. Cruikshank and F. E. Beamish, /nd. Eng. Chem., Analyt. 


{cta, 1959, 20, 532 


l., 1925, 180, 928 
t., 1944, 16, 111. 


n. Soc., 1950, 72, 4488 





Pergamon Press Ltd rinted in Northern Ireland 


THE DETERMINATION OF TRACES OF GOLD IN SAMPLES 
OF PLATINUM BY NEUTRON-ACTIVATION ANALYSIS 


D. F. C. Morris and R. A. KILLICK 
Department of Chemistry, Brunel College of Technology 
London, W.3, England 


(Received 16 May 1961 pted 3 June 1961) 


Summary—A neutron-activation method has been developed to determine very small concentrations 
of gold in samples of platinum. The Harwell nuclear reactor DIDO has been used as the source of 
neutrons. Following irradiation, gold has been separated radiochemically from samples and stan- 


dards. !°8Au activity has been assayed by a discriminated y-counting method in which !°°Au activity 


produced from activation of platinum is not recorded. Results are quoted for the gold contents of 


some pure platinum samples 


OWING to limitations of conventional methods of analysis, radioactivation procedures 
have been developed to determine very small quantities of impurities in samples of 
platinum.’ In this paper the determination of traces of gold in platinum by neutron- 
activation is reported. The nuclear reactor DIDO at Harwell has been used as the 
source of neutrons and a comparative method of analysis has been employed. To 
avoid neutron self-screening differences between samples and standards,* standards 
have been prepared by the admixture of small known quantities of gold with analytical 


samples. 
Gold has only one stable isotope, '*’Au. On irradiation with neutrons of thermal 


energies this yields the radionuclide 9%Au by a nuclear reaction of the (n.v) type. The 


198Au may undergo a further (n,y) reaction giving **Au. Activation cross-sections,® 
o, for the reactions are 
1% Au(n,y)'8Au + = 96 barns 
8 Au(n,y)' Au « = 26,000 barns 
and nuclear data® for the radionuclides '**Au and '**Au are given in Table I. 
TABLE |. PROPERTIES OF THE RADIONUCLIDES GOLD-198 AND GOLD-199 


Half-life, Decay modes, radiations and energies 


days (MeV) Decay | 


0-960 (~100°..). (others) “He (stable) 
0-411 (96-4°,), 0-675, 1-087, 


0-460 (6°4°.), 0-302 (69-3 °<), 0-251 (24-3 199H 9 (stable) 


0:0497, 0-1583, 0:-2080 


[he neutron-activation analysis of traces of gold in platinum is made difficult by 
the fact that '**Au is produced in considerable yield from platinum by the sequence 


198Pt(n,y)!99Pt___#_y 199Ay, 





R. A. KILLICK 


small amounts of }*8Au in the presence of a 


4 


Au have such similar half-lives it is 


ties satisfactorily from decay measurements. However, 


rays emitted by the two radionuclides do enable 


oy the sequence 


7 Au(n.y)8Au 


conditions employed in the present work this 


1? 


it of platinum samples corresponding to only 
RIMENTAI 


netal sponge W eighed 

Standards were prepared by 

1 of gold (100 mg of Au/litre) to 0-1-g 

O SOakK Into U metal powder, then was 


, SE iled 


idded were pac ked 


ind | in. diameter, and were sent to 


Pile DIDO with a thermal neutron 


were analysed 


carrier chemistry, solvent 


with gold carrier, the gold 


Further purification was achieved 


hydroquinone. The last traces of con- 


} ir 


rom hydrochloric acid solution into ethyl 


reduction to the metallic state in which 


other workers in radioactivation 


materials and in refined silver and 


present work are as follows 


transfer the activated samples and standards to clean 

\u carrier (10 mg of Au/ml as Au in0-1M HCl) 
n tubes thoroughly with hot 6M HCl and transfer the 
16M HNO, and slowly dissolve each sample of plati- 


nd during this period add two |-ml portions of 


V in HCl and cool. Agitate the solution with 
thas 


liethyl et Separate and combine the organic layers. Wash the 


portions of 


is Of 2M HCl saturated with ether and reject the washings. 


i clean 50-ml centrifuge tube and warm on a water bath until the ether 


of hot H,O and heat to boiling. Add 2 ml of a freshly 


TTT 


juinone and digest for several min. Centrifuge and discard 





Determination of traces of gold 


Step 4. Dissolve the precipitate of gold in 1 ml of agua regia, add 1 ml of 12M HCl, and dilute to 
20 ml with HO. Extract with two successive 10-ml portions of ethyl acetate. Combine the organic 
layers in a clean 50-ml centrifuge tube, wash twice with 10 ml of 2M HCl and reject the washings. 


to the residue ad ie) 1M HCl 


Evaporate off the ethyl acetate and 


Step 5. Heat on a water bath and add 2m 1ydroquinone solution. | t for 10 min, 
centrifuge and discard the s gold twice with hot H.O and 
once with ethanol Transfer the metal ler as a slurry in ethanol with weighed 


aluminium counting tray (A.E.R.E. Ca 3/1068). Dry under 


weigh to 
hemical yield (usually ca 


the final 


The fina precipitates of 


wich absorber (852 mg 
on Cou 


corrected fo 


pies 
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gold precipitate measured through an Al-Pb sandwich 
ter is shown in Fig. |. It can be seen from this that by 

Au may be counted with no interference from '**Au 

the final precipitates was being counted was 


traight lines corresponding well with pub- 


SULTS AND DISCUSSION 


neutron-activation analyses of pure samples of 


S OF SAMPLES OF PLATINUM 


“ACTIVATION ANALYSIS 


0-61. 0-69. 0-69 
1. 3-6 
0-70, 0-78, 0-83, 0-74 


0-86, 0-81 


ictivation normally provides an exceptional sensitivity for the analysis of 


gold, e.g. Gibbons’ has reported that as little as 10~' g of the element can be deter- 


mined in biological materials. In the special case of platinum samples, nuclear 


considerations prevent full realisation of the potential sensitivity ; nevertheless, 0:1 


of gold* may be determined by the method described in the present work, and 
vel appears to cover industrial requirements. 


50 cpm above the background count 
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icknowledzement—Grateful acknowledgement is made to The International Nickel Company 


(Mond) Limited, for the loan of precious metals, for financial support, and for a Research Fellowship 


to one of us (R. A. K.) 


Zusammenfassung—Neutronenaktivierung wurde zu Bestimmung sehr kleiner Mengen von Gold in 
Platinmetal angewendet. Der Harwellreaktor DIDO wurde als Strahlenquelle eingesetzt. Nach det 


Bestrahlung wurde Gold mittels radiochemischer Methoden aus Probe und Standard isoliert und die 


Aktivitat des ***Au selektiv gezahlit. Resultate fur einige Platinproben 


werden mitgeteilt 


Résume—Les auteurs ont mis at ine mé pou t aib concentrations d’or 


dans des echantillons de platine par activation neutronique Le réacteur nucléaire DIDO de HAR- 


WELI ete utilise comme source de neutri Apres lirradiation, lor a I 


et epare radiochimique- 
ment des echantillons et des etalon 7 ite - Au a ete determinée par une méthode de 


comptage des rayons gamma dans laque ylatine n’est 


1uU | 


pas enree Stree Les resultats sont dont 


UT 


Hollander an 
ris, D.Phil. thesis (Oxon Appendices 
McBryde and J. H. Yoe, Analyt. Chem., 1948, 20, 1094 
icent and A. A. Smales, 
nel, Analyst, 1957, 82, 483 


as and R. W. Dunn, Science 





SIMULTANEOUS INFRARED DETERMINATION OF 
SULPHATE, NITRATE AND NITRITE IN WATER SAMPLES 


LINDERWOOD“ 


U.S.A 


summary 


srierences ol 


nation ot 


{ 


ecome a routine tool for the solution of 
here have been few applications to the determination of 
of Miller and Wilkins’ showed that many inorganic 
ibsorption bands. Studies in this laboratory 
quantities of sulphate could be determined by infrared 
ze-drying coupled with the potassium bromide disk 
adaptation of infrared measureme to samples 
Furthermore, these techniques can be combined 

nd ion-exchange separations. 
measurement of sulphate, nitrate, and nitrite 
t was found that small quantities of these three 
or in admixture with an accuracy adequate 
: substances likely to be encountered in 
carbonate, and organic matter. This 
n-exchange separation that eliminates these interferences 
ination of sulphate, nitrate and nitrite in 
lo demonstrate the utility of the method, its application 


IS Gescr1oec 


EXPERIMED 


. spect! yphotometel 


lle, Mass., using 


ibout 10 cm long, 


yacked with Dowex 
* resin continued to 
nents. This difficulty 
vas converted to the 
ifrared work, manufactured by I Merck, 
ils Inc., New York, N.Y All other chemicals 





separat 


experiment 


on, t ns pnate 


he 0-05M eluan 


vorumes ott 


ions do not brez 








Absorbance 











6 
Column Volumes 


rhon 
l ( 


infrared spectrum of a typical freeze-dried column eluate containing nitrate, 
nitrite and sulphate is nearly always the case with infrared absorption bands, it is difficult here to 
decide exactly to establish the base-lines from which to measure I and |, values for absorbance 
calculations. In the present work, the best reproducibility was obtained using base-lines connecting 
points at fixed distances on either side of the minimum. For example, with the nitrate band (7:23 u, 
1 and 7:5 w. With the nitrite band 


1383 cm~'), the baseline was drawn between transmittances at 
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om 
oO 


il 
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Nitrate 


Sulphate 


L 
O 
— 


cent Transmittanc 


Nitrite 








were again used, while with the sulphate band 


1 


recogen sed that other wo! kers may have different 


te and sulphate The curves are seen to be linear 
wally work. With standard solutions of these ions, 
1-€ xchange step is included, showing that quantitative 
tion curves are reasonably reproducible but, of 


rocedure along with the unknown samples 


Ss © FF | 


Nitrdte 


NY /P 


J | i | 

48 72 96 Nitrite 

8 2 i6 Nitrate 
20 40 60 80 Sulphate 
Micrograms of lon in 300-Mg Disk 





Calibration curves for nitrate, nitrite and sulphate. 





Infrared determination of 


> - 
Procedure 


A new 1 nanve 
acid: about 50 ml of 10M 


convert 
and finally 
column ma course, be used repeatedly 
The volun Ot wate! 

COMposition 
drying. One 
adjust 
through th 
hand, a 50-n 

Wash the cx 
70 ml of 0-05M 
elute sulphi 
tant to KI 
irom 
measure 
colum! 
washings t 
final eluti 
ultimate 

Dilute 
venient 
freeze-dry 
bring the 
authors pre 
dip the tube 
freezes ra} 
freezing m 


the sa 


disk 
about 20,000 
with the die 


USI 


thei ibsorbanc 
that mav have 
absorbances 
sulphate thi 
priate dl soho 


> encountered 


Samples 
appropriate tort leasuremel 
sulphate is obtained 1 
desired accuracy. In such ¢ 


order to place both absorbance 


Syntheti 


SOLUTIONS 


lo aliquots of a solution containing 40 ppm of 


ppm of nitrate, were added varying quantities of phosphate and carbonate. 


OO.000 |b per 


Sampie 


concentration 


1 


yr example, t 


sulphate, 48 ppm of nitrite and 8 


[hese 


solutions were run through the ion-exchange separation and infrared determination. 


It was found that the results were not affected by the presence of phosphate until the 


3 





IRVIN CITRON, HAN TAr, R. A. Day, Jr. and A. L. UNDERWoopD 


was reached, after which the column separation broke down and 


interfering phosphate bands appeared in the infrared spectrum. Presumably a column 


ength could achieve the separation of any desired quantity of phosphate, 
umn described here is certainly adequate for most water samples. 

f carbonate are likewise adequately separated. 
‘the method was studied with synthetic solutions containing 
ind sulphate. Within the absorbance range where errors are nearly 
2 to 0-8, the standard deviations for 20 samples were about 2° 


o 


ne three 1ons 


water samples: tap water from the Dekalb 

a small creek in the Atlanta area; and a sea- 

the Gulf of Mexico near Sarasota, Florida. For comparison 

ere analysed by other methods as follows: sulphate by 

method; nitrite by the sulphanilic acid-alpha- 

and nitrate by reduction to nitrite with zinc followed 

rhe results are summarised in Table I. It may be seen 
discrepancy occurs with nitrate, higher results being obtained 

1. The colorimetric method, predicated as it is upon quantita- 
rate to nitrite, is suspect, in the authors’ opinion. It is important 


\NALYSIS OF WATER SAMPLES 


Other methods , 
Difference between 


(see text), 


methods, 


0-00 0-00 


4-31 $35 


0-93 O's 


0-020 0-018 


4-69 


0-9] 


was much faster than the sum of the others for the 
count the freeze-drying time. Since freeze-drying 
start and finish, and since many samples can be 
ible to exclude it in determining operator time per 


S. Atomic Energy Commission through 


Zusammenfassung : ‘ngen von Nitrat, Nitrit und Sulfat k6nnen mittels Infrarotspektro- 
photomet ( tis stimmt werden. Die Proben werden durch Gefriertrocknung der Lésungen, 


, zubereitet. Einsatz von Anionenaustauschern erlaubt Anreicherung der 





Infrared determination of sulphate, nitrate and nitrite 


lonen und gleichzei 
Die Methode wurd zur Bestimmung der Ionen in wasse1 


vach anderen Methode erhaltenen gut iiberein 


tige Abtrennung von st6rendem Phosphat, Carbonat u 


nerangezogen 
mit denen 1 


Résumé—De petites quantités d’ions nitrate, nitrite e 
I 

spectrophotométrie infra-rouge, en utilisant la technique du disque de 

Les échantillons solides sont prepares en désséchar 


m. { 


ces ions contenant du bromure de potassiur 
associée a la mesure infra-rouge aprés le stade de séch: 
solutions d’échantillon trés diluées et élimine lint 
matieres organiques. La méthode a été appliquée a 
Ss 


échantillons d'eau: a comparer favorablement 


J. Bertolacini and J. E. Barney, 
“1. Citron and A. L. Underwood, 
F. A. Miller and G. H. Wilkin 
‘ H. Tai, Ph.D. Dissertation, | 
H. Tai and A. L. Underwood, Anal 
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OLUMETRISCHE BESTIMMUNG VON MAGNESIUM 
IN GEGENWART VON CALCIUM 


R. FABREGAS 
Vi 
BADRINAS 


SYECK 


PRIETO 


Zusammenfassung ‘ I dent rilitat der agnesium-, Calcium-, un arium- 
ADT \( | ‘ X rd « thode vorges iven. die auf folgender 
RR 
AGTI BaSO, 
1 bis zum Verhaltnis 


ch beeinflusst 


von Calcium und Magnesium hat eine weite An- 

>dener Materialien gefunden.’ Bei den bisher vor- 

alt man den Magnesiumgehalt entweder aus der Differenz 

on Calcium und Magnesium (pH 10) mit Eriochrom- 

in einem Aliquot das Calcium nach der Ausfallung des 

Hydroxyd bei pH 12.5 iehr, oder durch Titration des Mag- 
eriger Austallung des Calcium in einem zweiten Aliquot. 

Reilley und Mitarbeiter? und Ringbom mit Mitarbeitern’ die 


ung in Gegenwart von Magnesium durchgefthrt, indem sie eine 


\GTE (Athylenglykol-bis-(/-aminoathylather)-N,N’-tetraessigsaure) als 
ndten. Wegen der geringen Stabilitat des Mg-AGTI -Komplexes 
it man jedoch diesem Chelon als Masslésung wenig Aufmerksam- 


iterschied in der Stabilitat des Calcium- und Magnesium-AG TE- 
illey- und Ringbom’ zur Calciumbestimmung benutzt- und die 
Barium-AG1 -Komplex ebenfalls starker ist als der Magnesium- 
8,41)(4), aber schwaeher als der Calctum-Komplex (log 
97), macht jedoch die Maskierung des Calcium bei der Titration des 


\DTE méglich. Dazu verwendet man die folgende Reaktion: 


Ba-AGTE ~ SO - Ca-AGTE + BaSO, + Mg*? 


| 
rangt quantitativ das Barium aus seinem Komplex und das freige- 
mit dem an-wesenden Sulfation aus. Im Gegensatz dazu ist das 
fahig, das Barium aus seinem Komplex zu verdrangen, weshalb 


nd Erichromschwarz T in ammoniakalischem Medium titrieren 


erlaubt die Magnesiumbestimmung bei Gegenwart beliebiger 


R04 





Volumetrische Bestimmung von Magnesium in Gegenwart von Calciun 


1 
t 


Calcium-Mengen, wobei die Trennung vom getalltem BaSO, nicht nétig ist, weshalb 


das Verfahren viel rascher und genauer ist als irgendeines der bisher angewe 


EXPERIMENTEI 
Reagentie l 
0.05 m ADTE ( 
0,05 m Ba-AGTI 


Geivry) l » SSOO oT 


OOO o AG TI 


hitriert 


ERGEBNISSI 
Wir haben eine Reihe von Bestimmung durchgefthr 1 we *n eine gleichblel- 


bende Menge von Magnesium (10 ml der 0,05 m Lésung) in Gegenwart wechselnder 
Calciummengen bestimmt wurde (von 4 ml einer 0,05 m Lésung bis 150 ml einer 
0.5 m Lésung) in der Absicht, die Anwendbarkeit des Verfahrens bei 1m Verhaltnis 
lab. | 


zu Magnesium viel grésseren Calciummengen zu tberprifen. In 
sind die erhaltene Werte bis zum Verhdltnis Mg:Ca 1:50 zusammengefasst 
Die Tabelle 2 (Abb. 2) zeigt die erhaltenen Ergebnisse bei einem Verhdltnis Mg:Ca 


von 1:75 bis 1:150 
ON MAGNESIUD 
VERHALTNIS Mg 


0.05 m ADTI 


verbhr ht 
veroraucnt, 


) 


16,03 | 10.06 


24.05 fe 9.96 
37.06 f 10.08 
10.08 10.08 
48.10 | ‘ USS 
56.11 f 10,16 
80,16 | 10,21 
150.30 ic 1O,11 
200,40 10,08 
501,00 10,15 

1 .002,00 , 10,12 


von 5 Bestimm 
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IN GIEGENWART VON CALCIUM BIE EINEM 


ON 1:75 Bis 1:150 


0,05 m ADTI Meg 


verbraucht, 


Unterschied, 





pruten, ob die Gegenwart des gefallten Bariumsulfates die Magnesium- 
\ 
ltrat der Bariumsulfat-Trennung durchgefiihrt. Die Ergebnisse sind 


DTE merklich beeinflusst, haben wir einige Magnesiumbestim- 


» ersicntiichn 


Die Werte der Bestimmungen | bis 3 sind die Mittel von 5 Bestimmungen, die von 


bis 7 von 3 Bestimmungen 





Volumetrische Bestimmung von Magnesium in Gegenwart von Calcium 


PABELLE III. BESTIMMUNG VON 12,16 mg MAGNESIUM IN GEGENWART WECHSEL} 


CALCIUMMENGEN NACH VORHERGEHENDER FILTRATION VON BaSO, 


Ca 0,05 m ADTI Me 
Verhaltnis 
verbraucht 
Meg:Ca , ' 


” 


Zugetuegt 


0,008 
0,040 
0,056 
0,150 
0,200 
0.501 

1,002 


10,02 
10.01 
) O98 
10,04 
10,07 


5 


10,1 


DISKUSSION 


Aus der statistischen Berechnung der Ergebnisse jeder der beiden Reihen (Tab. 4 


u. 5) kann man folgern, dass die Gegenwart 


von Ca im untersuchten Intervall keinen 
bestimmenden Einfluss auf die Ergebnisse der Magnesium-Titration mit ADTE hat, 


TABELLI ANALYSE DER VARIANZ |} Ee WER >» ABB 


Berechnete 


Bedeutu 


Wiederholunge: 
Behandlungen 


Fehler 


Total 


TABELLE \ 


Summe 
der 


Quadrate 


Wiederholungen 0.5224 
Behandlunget 0.5837 


Fehler 5.8042 


Total 


und man erhilt als Ergebnis einen sicheren Grenzwert 0,167 der einen und 0,157 der 


anderen Versuchsreihe 
Wie sich aus den Ergebnissen der Tab. | und 2 ergibt, ist das Verfahren auf die 
Bestimmung von Magnesium in Gegenwart | 


50 mal grésserer Calciummengen an- 
wendbar. Das bedeutet einen wichtigen Vorteil gegeniiber den Verfahren, bei denen 
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iz erhalt, denn wenn die Menge des vorhandenen 
cium ist, hiufen sich in den Magnesium-Werten 


womit das Ergebnis wenig sicher wird und in 


in 


um ungenligende Mengen in Pflanzen festzustellen, ist der 


ils der Calcitum-Wert 


1 Fallung 


len Verfahren, in welchen das Calcium dure 


die Magnesiumbestimmung von einer vorhergehenden quanti- 


Diese wird schwierig, wenn in der L6sung auch andere 


lung st6ren k6nnen. Man hat die Calcium- 


no ry 


lieser Trent 
Molybdat oder Wolframat \ lagen, doch 
unlodslichen 


ge Entfernung des ausgefall 
der Niederschla . noug um alles 

eine Einwirkung des Calcium durch seine 
So-mit wird die Bestimmung 


m auf die Bestimmung von Magnesium in 


au 


datologia 
ebene Hilfe und det 


Arbeit erleichtert | 


Summary 
EDTA 


sulphate 


Resum . differ es consti lu calcium, 
pour mettre DOIN n nouveau dosage 


nportant 


1958, 19, 525 


ta, 1957, 40, 1886 





QUANTITATIVE PAPER RADIOCHROMATOGRAPHY 
USING TOLLENS REAGENT—I1 


THE APPLICATION OI ‘| TO RADIOMETRIC ESTIMATION Of} 
MONOSACCHARIDES AND POLYOLS 


LABELLING directly on paper of chromatographically separated substances represents 


one of the recently developed techniques of quantitative microanalysis. Kaufmann 


and Budwig,’ Winteringham ef a/.'‘ and others have described some reactions of this 
kind carried out with simple radioactive reagents. Jaarma® suggested the possibility 
of using !!°Ag for the determination of aldoses and ketoses. Budzynski, Zubrzycki 


and Campbell in this laboratory have developed a method for the radiochromato- 


graphic determination of unsaturated fatty acids. This method is based on an addition 
3 4 


of *°'I to double bonds The same authors have put forward a more complicated 


technique called by them “double decomposition radiochromatography”. In this 
procedure, the labelling of chromatograms is carried out in two steps. The first one is 
a reaction of the substance being determined with a non-radioactive ion; the latter, in 
the second step, combines with the radioactive tracer.*:!* 

In the present paper a new series of transformations which allow the radiometric 
determination of chromatographically separated substances will be described 

In a search for systems suitable for the determination of various reducing com- 
pounds, attention was drawn to ammoniacal silver nitrate, the so-called Tollens 
reagent. This reagent, commonly used in qualitative chromatography, is characterised 
by a high sensitivity, and the ability to react with a wide variety of compounds. As the 
result of such reactions elementary silver is deposited on the paper. The use of silver, 
because of its physical and chemical properties, and also because of its ability to form 
numerous sparingly soluble compounds, proved to be especially advantageous. The 
chemical affinity of elementary silver for iodine is marked, and the rate of the reaction 
between the two elements depends mainly on the state of dispersion of the reac- 
tants.'-!*.'° Examination of this reaction, using an aqueous solution of '"I, resulted 
in the working out of the conditions necessary for the quantitative formation of 
Ag™'] from a silver deposit on the paper. 

he application of these transformations to the quantitative radiochromatography 
of monosaccharides and polyhydric alcohols is described below. 


SOY 
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EXPERIMENTAI 


rhamnose, fructose, mannitol and 
n all experiments 
chromatography usually contain from 1-7 to 


f concentrations is insufficient for the quanti- 


tions containing 9-1] of silver nitrate 


h accelerates the 


Sodium hydroxide, whic 
Several reagents of different 
yf the reaction and give 


lutions is given in 


1 14 


nd mm wide, re prepared The 


tM, were put on the starting point 


tograms were de\ ‘d by the ascending 
-butanol :ac 


wr 24 hr 


igned racks and s] Fifteen mg of 
a sufficient excess for the quantitative 

jue will be published elsewhere 
the oven and heated at 105 The optimal 
conditions cause the formation of dark-brown or 
s recommended that the conditions should not be 


1 


this prevents the quantitative deposition of 


Tollens reagent was removed using 0-02°, 


lution for 2 min, then with water three times 


of potassium iodide and 0-02 g of potassium iodate 

ree iodine was liberated from this solution by 0-4 ml of 

this reagent can transform on paper into iodide an 
20 min 

tin vessels of slit-like cross-section,’ 4 mm 16mm 


three times for 5 min 


ir-dried radiochromatograms was estimated using an end-window 
The chromatograms were placed under the 4-mm thick 


‘screen allowed counting of -particles from a defined area of 





no 


Quantitative paper radiochromatography using Tollens reagent 


RESULTS 
[he technique described was applied to the radiochromatographic determination 
of the following typical representatives of different classes of monosaccharides and 
polyols: glucose, xylose, rhamnose, fructose, mannitol and inositol 


lypical results for the activity estimation of a radiochromatogram prepared in such 


a way are presented graphically in Fig. | 





[he integrated spot activity, i.e., the sum of activities estimated from individual 


2-mm sectors of the strip, minus background activity, was calculated as the main 


parameter. The linear relationship between this parameter and the amount of chroma- 


tographed substances is presented in Figs. 2 and 3. The ranges for which this regularity 
was proved and the average errors of determinations are listed in Table II. Although 
in every case it was possible to determine as little as 1-5 x 10°" wM, it was found that 
these determinations were accompanied by considerable errors ranging from 

23%. The average error for amounts larger than 10 10-* uM was 


If 


TABLE Il. REGION OF PROPORTIONALITY BETWEEN INTEGRATED SP\ 
\MOUNT OF SUBSTANCE, AND AVERAGE ERRORS OF THE METHOD FOR A) NTS HIGHER 


10 10 iM 


yn of proportionalit 


iM 10 


Substance 


Glucose 
Xylose 
Rhamnose 
Fructose 
Mannitol 
Inositol 








Quantitative paper radiochromatography using Tollens reagent 813 

It is necessary, in order to analyse chromatographically separated mixtures, to set 
up calibration curves based on simultaneously performed determinations of known 
amounts of the corresponding standard substances. Because of the character of the 
relationships presented, it is sufficient to estimate only one point on the curve. 

For the quantitative determinations of saccharides, other parameters that charac- 
terise the spots can be also used. The linear relationship between maximal spot 
activity and the logarithm of spot content has previously been observed in the case of 


radiochromatographic determinations of saturated and unsaturated fatty acids and 


inorganic phosphates 1.18 This relationship was tested for all the sugars and alcohols 


examined. Fig. 4 shows the relationship between maximal spot activity (i.« 
maximal activity determined on the 2 1 seoment of the strip) and the logarithm of 


spot content 


nose | LOSC T Oo \ sito 


The distribution of activity on a labelled chromatogram can serve as a basis for the 
determination of spot length.*:'® The parameter calculated in such a way is directly 
proportional to the quantity of the chromatographed substance. Fig. 5 shows the 
relationship between the radiometrically determined spot length and the amounts of 
sugars and alcohols examined 

Maximal spot activity, as well as spot length, can be used as a basis for rapid 
determinations which do not require activity measurements along the whole spot 
length. The minimal amount of substance that gave the linear relationships mentioned 
was 7:5 10-* uM. The average error of determinations based on maximal spot 
activity measurement usually ranged from +8 % to +13%, and of those based on spot 
length from +8 % to ey Maximal spot activity measurement seems to be parti- 


cularly useful for the determination of substances overlapping on chromatograms. 
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DISCUSSLON 
t that transformations with simple radioactive 


described adove prove 
ried out on paper, can be applied to the quantitative chromatography of 


ind related compounds. The chemical properties of the substances used 

} permit one to make the assumption that the technique, if properly 
uld have a general application to all monosaccharides, aldoses as well 
nd to all chain and cyclic polyols. Other compounds related to sugars, 
$s, amino-sugars, alkylated sugars, lactones, esters, amides and glu- 
Che results obtained with compounds 


as mannitol and inositol, 


acid 


> a positive Tollens reaction.’ 


v¢ 


act slowly with ammoniacal silver nitrate, such 


al 


this technique can be applied here also. 
Most of the known methods for the determination of sugars and related compounds 
permit the analysis only of compounds which belong to definite chemical groups. It is 
well-known that the determination of more stable, so called non-reducing compounds 
presents one of the more difficult analytical problems. Therefore it would be very 
convenient to possess a method which would allow the determination of a wider 


f 
t 


variety oj com] 
used for estimation of the Sugar components of glucosides. glucoproteins, etc.. as well 


sounds, separated on a single chromatogram. Such a method could be 





Quanttative paper radiochromatography using Tollens reage 815 
as for examination of polysaccharides. No existing methods allow such complex 
analyses to be performed directly on paper chromatograms 

Che estimation of the silver deposited on paper can be also performed by optical 
methods. McFarren et a/.!° and Wallenfelseta/.'® elaborated methods for the determin- 
ation of aldoses on the basis of such measurements > determination of more stable 
compounds, however, encounters serious difficulties connected with more drastic 
reaction conditions required, which lead to the oxidation of paper cellulose. The dark 
background that is formed under such conditions prevents densitometric evaluation of 


the chromatograms. In the application of radiometric techniques, side reactions 


which take place along the whole chromatogram do not interfere basically. The use of 


j-emitters whose energy is sufficiently high eliminates the difficulties connected with 


variations in the thickness of the filter paper, which are the main source of errors in 


photometry 

rhe deposition of elementary silver on paper, and its transformation into Ag™4I, 
might also be applied to the determination of other groups of chemical compounds 
In addition to various kinds of saccharides, the following substances react with 
Tollens reagent: aldehydes, polyhydroxyphenols, aminophenols, hydroxycarboxylic 


acids, «-diketones, primary ketols, sulphinic acids, certain aromatic amines, hydrazo 
compounds, hydrazines, hydroxylamines, efc.? The technique described may find an 
; 


application in the radiochromatography of these compounds, provided that the con- 


ditions for quantitative deposition of silver are established 
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Zusammenfassung—-Eine quantitative hromatographische 

Monosacchariden und Polydroxyalk« ie! irde entwickelt Sie beruht f der Reaktion von 
ammoniakalischer Silbernitrat l6sung mit den zu bestimmenden Substanze e Bedingungen fur 
quantitative Prazipitation des Silbers wurden bestimmt. Der so erhaltene Niederschalg wurde in 


lali die Radioaktivitat des J als Mab des Gehaltes 


A131] umgewandelt. Es wurde nachgewiesen 
zu bestimmenden Substanzen dienen kann. Die Methode wurde nachgepriift fiir sechs verschie 
dene Substanzen, die Aldosen, Ketosen, Hexite und Cyclite reprasentieren. Es wurden die Beziehungen 


mwischen der Menge der Substanz und der Gesammtaktivitat der Flecke 7 naximale Aktivitat 


h bestimmte Lang 


Résumé—On a elabore une méthode de la radiochromatographie quantitative pour la determination 


des glucides Cette méthode est basée sur la action u nitrate ‘argent ammoniacal donnant le 


precipite d’argent élementaire. On a établi les conditions de la déposition quantitative d’argent sur le 
papier Le précipite ainsi obtenu a été transformé en Ag J. On a demontré, que la radioactivite de 
J deposee sur les radiochromatogrammes peut servir pour determine! des quantités des substances 
La méthode décrite a été verifi¢e sur des exemplaires des six substances representatives pour 


dosées 
les aldoses, cétoses, hexitols et cyclitols. On a étudié les rélations entre la quantité de la substance 
| 


tivite totale de la tache, la maximum d’activite de la tache, et la gueu le la tache, 


dosée, et l’ac 


determineée radiometriquamment 
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REDOX SYSTEMS—IV* 
WITH IRON" CHLORIDE IN 2,2’-BIPYRIDYL 
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sciences, 


1as been 


Orresponds to a 


reported that cobalt" can be oxidised with 


throline. This reaction was subsequently 


nation of cobalt with iron" Che deter- 
which is formed during tl reaction, 
ferroin (cobalt) can 

Recently, this 

cobalt.° For the 


ienanthroline by 


(1) 

Mtimal conditions of this reaction 
1,10-phenanthroline. From 
rticipating redox systems 


tration of complex forming 


yrade chemi- 


pure substance in 


chloracetic acid or 


tr 


netric control was main- 


‘ib and Tauber (Switzerland) compensa- 


= ha ao. “rea ‘a la - > 
wire and the reference electrode was a 





q Ill II 
Oxidation of cobalt’ with iron” chloride 


abdoratorni p 
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Colorimetric measurements were carried out with a colorimeter produced by | 


National Corporation, Prague 


POTENTIOMETRIC RESULTS 
From a series of potentiometric titrations of cobalt! with iron™! according to 
reaction (1) the influence of the concentration of bipyridyl and pH on this reaction 


was found 


if 0O-O1LM cobalt 


which | nthroline. The studied reaction was 
found reactior ith a one electron transfer and for the quantitative 
course of tl eaction it 1s necessary old excess of 2,2’-bipyridyl. The 
optimal pH (from the point of view o velocity) was found in the range 
2-4. The best buffer solution for this case hloracetic acid 
and aqueous ammonia 

From the titration curves the formal red ot the following redox 
systems were calculated: 


Co( Bip) 
(I ell 


yt given here quite exactly, because the composition 


he iron!!! with 2,2’-bipyridyl was not 


The course of reaction (3) 1s n¢ 


of the complex which is formed by reaction of t 


studied. However, it would be expected that a similar hydroxo complex is formed to 
that in the case of 1,10-phenanthroline, [Fe,(OQH),(Phen),]* 
Paglia and Sironi’ have found a formal potential of 0:31 V in chloride media for 
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alue at pH 2 in a buffer solution con- 


Under the same conditions we have 


2’-bipyridyl and pH (Figs. 1 and 2) on the 

very slight. This is because both oxidation 
ition number in the bipyridyl complex.° 
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utilisation oft mul i nv Ma. mi ntnre } he difference 
1e formal redox pote f redox systems (2) and (3) is 0-60 V, 


and for the correspondii 


only 0-44 V. The potential change during the titrati f cobalt! with iron!™! js 
greater in the presence of 2,2'-bipyridyl! 1e potential jump at the equivalence point 
is 450 mV per 0-05 ml of 0-01 M iron chloride solution. The velocity of the stabili 
tion of the potential is practically the same as in the case of using 1,10-phena 

During the indirect cerimetric titration of cobalt [oxidation of Fe(Bip),°*, which 


: 7 ] j t reg > vat lt “re Hea wr ] har . 
is formed according to reaction (1)] good results were not obtained, probably because 


Fe(Bip),°* is not very stable in this medium. Similarly, for the indirect colorimetric 


determination of very small quantities of cobalt, it is better to use 1,10-phenanthroline 
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BEITRAGE ZUM AUFBAU EINIGER 
METALL-CARBAMATVERBINDUNGEN 


H. MALISsA® und H. KOLBE-ROHD! 
[ fiir analvtis he ¢ hemie der Tec in schen Hx chsch ile W 


Max-Planck-Institut fiir Eisenforschung, Diisseldorf, Ger 
(Received 15 March 1961 


Zusammenfassung werden von einigen Metall-Carbamatverbindungen die Bruttoformeln, de 
Kristallhabitus und die entsprechenden Debye-Scherrer-Diagramme gezeigt 


Um den Aufbau einiger der immer stirker in den Vordergrund der analytischen 


Chemie tretenden Metall-Carbamatverbindungen naher kennenzulernen, wurden aus 
reinen Metallsalzlésungen in den giinstigsten pH-Bereichen'* die entsprechenden 
metallorganischen Fallungen hergestellt. 

Im folgenden wird eine Aufstellung Uber die chemische Zusammensetzung, wie 


sie auf Grund von Elementaranalysen gefund 


en wurde, uber den Kristallhabitus, wie 
er nach langsamer Kristallisation aus den Chloroformlésungen der entsprechenden 
Verbindungen entstand, und uber die R6ntgenfeinstruktur dieser auskristallisierten 
Verbindungen gebracht. 

Bei den hier vorliegenden Untersuchungen wurden nur Pulverdiagramme auf 
genommen unter Verwendung einer Debye-Scherrer-Kammer mit einem Radius von 


28.65 mm Als Strahlung diente Kobalt-Kx-Strahlung unter Vorschalten eines 


Eisenfilters. Die Aufnahm 


e erfolgte symmetrisch zum einfallenden Strahl. Da keine 
Eichsubstanz mit aufgenommen wurde, sind hneten Netzebenenabstande 
nicht korrigiert. Die Aufspaltung in die Linien der Ka,- und Ka,-Strahlung wurde 
nicht beobachtet. Die Berechnung konnte daher mit der Wellenlainge Kz 1.786 
kXE durchgefiihrt werden. Die Intensitét der Linien wurde geschatzt, wobei die 
starkste Interferenzlinie jeder Aufnahme mit “sehr, sehr stark’? bezeichnet wurde 
Die Tafel J gibt die Netzebenenabstande der reinen Fallungsmittel, Tafel // die 
Netzebenenabstiande einiger aus Chloroform umkristallisierter Diathyldithiocarbam- 
ate und Tafel /// die einiger ebenfalls aus Chloroform umkristallisierter Pyrrolidin- 
dithiocarbamate wieder. In den Tafeln sind die Interferenzlinien nicht nach fallendem 
Netzebenenabstand, sondern nach der Intensitat geordnet. Es zeigt sich, dab alle 
Carbamate ein mehr oder weniger linienreiches Interferenzmuster ergeben und dass 
auch die Debye-Scherrer-Diagramme der Metalisalze sich untereinander sowie von 
den Fallungsmitteln unterscheiden. Die Kristallstruktur des Zinkdiathyldithiocar- 
bamates wurde eingehend von Simonsen und Wah Ho? untersucht.* Das vorliegende 
Debye-Scherrer-Diagramm stimmt im wesentlichen hinsichtlich der Intensitats- 
verteilung und Linienanzahl mit dem von den beiden vorher genannten Forschern 
* Die aus Chloroform erhaltenen durchsichtigen. Plaittchen sind optisch einachsig negativ. Die Struk 
tur analyse ergab, daf} es sich hier um eine monoklin kristallisierende Verbindung handelt mit 
10,02 0,02 
10.80 0.05: 
16,00 0.02 A 


111 
Die Raumgruppe hat 4 Elementarzellen. 
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Aufbau einiger Metall-Carbamatverbindungen 845 


gefundenen iiberein. G. Peyronel® hat eine eingehende Studie uber die Struktur des 
Ni-N-N-di-n-propyl-dithiocarbamates durchgefuhrt und fiir die Elementarzelle 
folgende Abmessungen gefunden: a 25,20 A, c 8.30 A c/a 0,33 A und das 
Volumen zu 4,564 A®. Auf eine Elementarzelle kommen 9 Molekiile. Die Ele- 
mentarzelle gehért dem rhombischen System an 

Den Tafeln IV. V und VI, die neben den Bruttoformeln, dem Kristallhabitus auch 


die Debye-Scherrer-Diagramme zeigen, kann im Augenblick nichts hinzugefiigt 


werden, geniigen aber zur réntgenographischen Identifizierung, wenn unter gleichen 
Bedingungen gearbeitet wird. Genauere Strukturbestimmungen sind -senstand 
weiterer Untersuchungen, wortber spater berichtet werden soll 

Summary—The empirical formula 

complexes are presented 
Résumé—Les auteurs décrivent |< 


diagrammes de rayons X d’ul 
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*H. Bode, Z. analyt. Chem., 1954, 143, 182 
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SULPHOSALICY LIC ACID 
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probably oxidises sulphosalicylic acid quite rapidly. 


846 





xposure 


c 


obtain a 


were mixed in 


Inter ference 
Alumin 


molybdenur 


iffere 
: —_— 
vanadium 


molybden 


temperature 


IVILY Us« 


sensil 


One drop (0-05 ml) o 


| 
water bat 


acid (or 
residue and 
allowed to 
boundary 
0-05 


000.000 


Wenn Sulto- 


Uhrelas Trockene 


Zusammenfassuny , 
sylicylsdure mit fe ana I roy I - 
einged umpft) in Ke i ird, entv rt n conc. Schwefeloder 80 
Phosphorsaure ei l Mittels det on ist es méglich 0-05 ug Vanadin(V) i 
uweise l, As(V), Be, Cd, , Cr(VI), Cu, Fe(II), Mo(VI), Ni, WV), 

{ I he der lonen gefarbte Komplexe mit dem 

wie Fe(II), 


0:05 ml Lést 


U(VI) und V(LV) st6ren nicl 


zierende Reas 
Erhitzen aul 


oder 
sible et specinque, 
Quand ce tact avec du vanadium (V) 
ir un verre de montre), en présence 


, 
une recherche du 
mn 


Résumé—Les auteurs décriv 
l'acide sulfosalicylique comme réactif 


solide (une goutte de la solution a essayer évaporée 


t 





4 Rao and D. SATYANARAYANA 
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TRIFLUOROMETHYL SULPHONIC ACID AS A TITRANT 
IN GLACIAL ACETIC ACID SYSTEMS 


Summary 


acid ifl Zi 


SEVERAL aliphatic been examined! as 
ts for use in glacial hese have proved to be 


in this medium but it 1s quite practicable to use 


them as they possess, as a class, the advantage of ensuring freedom from precipitate 
or gel formation when certain compounds are titrated Potassium hydrogen phthalate, 


for example, the common primary standard for use in glaci il acetic acid systems, 
persistently forms a precipitate with perchloric acid during titration, and this can lead 
to difficulties in some instrumental methods of end-point detection 

rifluoromethyl sulphonic acid has recently ; -epared= and described as one 
Is: and it lé ven be one of t 


| 


1e strongest of 


1 view of the interest shown in comparatively weak sulphonic 
titrants, a comparison of the analyt cal possibilities of t ifluoromethyl sul- 


onic acid with the conventional perchloric acid in glacial acetic acid has been made 


f basic IDSt ‘es and experimental techniques 
i i 


using a representative selection « a 


EXPERIMENTAI 


B.D.H 


trifluoromethyl sulphonate* 


ncentrated sulj d (6 ml) listillation apparatus 
under reduced pressure Distillation was stopped when the oil bath temperature reached 
120 The distillate consisted of 2 of a clear, fuming liquid and a white solid (presumably trifluoro- 
methyl sulphonic acid monohydrate,* which can be distilled from sulphuric acid) adhering to the 
receiver. The trifluoromethyl sulphonic acid was decanted from the solid, weighed, and diluted with 
rlacial acetic acid to the requisite volume It was standardised against potassium hydrogen phthalate 

n glacial acetic acid of Crystal Violet, Oracet Blue B and x-naphthol- 


Indicator 0-5 solutions ne 


benzein were used. The end-point shade obtained with the different compounds titrated was matched 
against that obtained during standardisation with the same indicator 

Potentiometric titrations \ sleeve-type calomel electrode and a glass electrode were used in 
conjunction with a direct-reading pH meter (Electronic Industries Ltd. Model 23). End-points were 
determined graphically 

* Kindly supplied by The Minnesota Mining and Manufacturing Co. Ltd 
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lie snulo Pp . val 
diphenyiguanidine and deca- 


shown in Fig. 2. Results 


iS 
or the determination of equivalent 
lifferent constitution, on a semi- 


u 


ilent weight of a sample of commercia 
icid and trifluoromethyl sulphonic acid using 


rave the results shown in Table II 


SSION 
luoromethy! sulphonic acids are com- 


In potentiometric titrations trifluoro- 
very strong acid, and the height of the potential 
1E/dV (the rate of change of potential with volume 


ost identical with those obtained using perchloric acid. In this 
yl sulphonic acid is superior to the other sulphonic acids so fat 


other sulphonic acids, there was no trace of precipitation or gel 


ng potassium hydrogen phthalate as a primary standard, or indeed 


ympounds so far examined 





here was a slight 
the smaller angle 


between the intersecting lines obtained approaching and retiring from the end-point. 


Furthermore, whereas with perchloric acid information can often be gained from 


high-frequency titrations concerning the functionality of the compound being titrated, 


this effect was not noted when trifluoromethyl sulphonic acid was used. Deca- 


methylene-bis-pyridinium nitrate, for example, gave two distinct end-points with 





perchloric acid, corresponding to the titration of first one, and then both quaternary 


1 


functions, but only one end-point, that corresponding to two quaternary groups, was 
detected during titration with trifluoromethyl sulphonic acid. 

With visual indication of the end-points the precision obtained in the titration of 
trinonylamine with fluoromethyl sulphonic acid was slightly better than when 
perchloric acid was used. The new titrant, however, was not as effective as perchloric 
icid for the titration of quaternary ammonium halides using the mercuric acetate 

idicator. When a representative selection of quaternary 

halides were titrated with trifluoromethyl! sulphonic 

fuse end-points were obtained. Several basic compounds were titrated 

visually with the new titrant, and satisfactory values of their equivalent weights were 
obtained 

Although 1 uses of trifluoromethyl sulphonic acid are being developed, it would 

-d assessment whether it will ever seriously compete 
with perchloric acid for > in non-aqueous titrimetry. Although comparable to 


perchloric acl 1 acid strength in acetic acid, as well as in instrument response, it is 


unlikely that the considerably higher cost can be justified on the grounds of freedom 


nation alo and no other advantageous feature has been ob- 


Eisessig wurde mit Perchlorsaure in Eisessig als 
heinlich, dass das Reagens ernsthaft mit Perchlor- 
wassrigem Medium konkurrieren kann. Das Reagens ist zwar mit 
t es die Starke (in Essigsaure) und das Ansprechen des Instrumentes 
die betrachtlich hdheren Kosten lediglich wegen 

assen. Dies ist der einzige auffindbare Vorteil 


Resume auter a compare l’acide trifluoromethylsulfonique dans l'acide acétique glacial a l’acide 


perchlorique dans le mén lvant comme agent titrant dans un nombre limite de cas. Il ne semble 
pas probal e ce reactif urrence séerieusement l’acide perchlorique dans la titrimeétrie en milieu 
non aqueu en que comparable a l’acide perchlorique au point de vue de sa force dans l’acide 
acétique est improbable que son cout tres éleve puisse étre justifié par la seule raison qu’il ne se 
forme pas de precipit t qu’aucun autre avantage n’ait ete observe qui pourrait legitimer son 
utilisatio! 
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Summary—The optimum pH range of the cerium!'!-alizarin complexanate method for fluoride has 
been established as pH 5:0—5:2 at which value the method may be applied over a wide concentration 
range from 5 ug ol fluoride ion (0-1 ppm) to 1-6 meg | 160 ppm) using a conventional spectrophoto- 
meter. The nature of th hanges produ in the colour system by variation of pH are briefly 
discussed and the interference of 23 selected cations and 3 common anions has been examined 


Practically all of the serious cationic interference can be overcome by the simple addition of a masking 


agent but, in a few cases, a preliminary extraction with 8-hydroxyquinoline and chloroform is required 


ALIZARIN complexan,  3{di(carboxymethyl)aminomethyl]-1,2-dihydroxyanthraqui- 
none, was first prepared for use as a complexometric indicator'»* but it was later 
observed that the red chelates formed with cerium!!, lanthanum and praseodymium 
(and to a lesser extent with samarium) yielded blue water-soluble complexes with 
fluoride ion.’ The cerium!!! chelate was selected for further qualitative and quantita- 
tive studies.*°.° The structure of the ternary complex has recently been defined and 
reasons for the unusual selectivity have been proposed.‘ 

In the present investigation, the range has been extended from microgram to 
milligram amounts, and the effect of pH and time for the development of a stable 
colour have been studied more closely. The influence on the reaction of other ions 
which were not previously examined, or only examined superficially, has been estab- 
lished. Certain ions interfere seriously, but, in most instances, this effect can be 


overcome by the application of simple masking reactions. 


Optimum pH range 

In earlier work*.*:* the reaction between fluoride and cerium!!!-alizarin complexa- 
nate was carried out at pH 4-3, because at this pH the yellow to red acid-base 
transition of alizarin complexan just becomes apparent. Because the reaction was 
adjudged to be sufficiently sensitive (ca 0-1 ppm) and visually most easily observed at 
this pH, no further examination was then made of the permissible pH range. A study 
of this aspect is important, however, as will be seen subsequently. 

In these experiments, sensitivity tests were carried out on fluoride ion at various 
PH levels using 5 10-4M solutions of alizarin complexan and cerium!" prepared by 
reduction of cerium!’ ammonium nitrate. A very slight excess of alizarin complexan 
was maintained over the normal |:1 mole ratio with respect to cerium!™!, These 
experiments extending from pH 3-5-12 indicated clearly (Fig. 1) that the optimum 
sensitivity of the fluoride reaction measured against the cerium!!! chelate occurs at 


pH 5-0-5-2. In these particular experiments the solutions were only very lightly 


buffered with an acetic acid/acetate mixture (pH 4-3) and the pH was adjusted to the 
necessary value, using a pH meter, by careful addition of 1M sodium hydroxide or 


<2 
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cetate ion recorded by other workers’ was 
acetate ion concentration, but when later 
mulations and normal |:1 cerium 

ound to lie in the pH range 5-0-5-2. 

| ‘the absorption curves produced 

ncrease of hydrox yl ion concentration 
m!l-alizarin complexanate and the 


both the cerium!!! chelate and the 


1 the presence of the strong 


tat pH > 4-0[Fig. 2(B), 

for occurrence of 

sorption for both the 

ver the range 3-5—6-2 

more or less unchanged wavelength of 

erch effect probably because of 
n the l-hydroxyl group (cf Fig. 4) 

there is observed for the fluoride complex a 


IVEY 


eplacement of the fluoride ion by hydroxyl. 


» data indicate clearly that the method should not be operated 


+6 and that the optimum sensitivity occurs at pH 5-0-5:2. At 


10-4M solutions of cerium!" and reagent, the time taken for 


the recommended procedure [procedure(A)] is 15 min 











for the fli 


measured. Once prepared, both colour systems remain unchanged for several days. 
Consequently it is recommended that a safe development time of 60-90 min should 


be allowec 


on the spectrophotometric determination of fluoride at pH 4:3, 
— 1/ ] ’ > . } ' ' } “\ »\ > ‘ oO 
> 5—40 ug when the calibration curve was prepared 


| 


10-4M solutions of cerium!!! nitrate and 


On stages 


alizari mplexan. Subsequently, in applying the method to the semimicro scale, 


\ } I 


Johnson and Leonard® did not attempt to use stronger reagent formulations but took 


t of the fluoride solution resulting from the decomposition of the compound, 
imounts of fluorine falling within the range of the submicro calibration 


curve, i.e. ca. 25 ug. This may involve dilution factors of more than 200 1n some cases. 


Bartkiewicz and Robinson® used the method over the range up to 10 ppm, but 
commented that at higher concentrations of fluoride ion the colour was bleached out. 
rhis observation indicates that insufficient attention was paid to the nature of the 
ternary fluoride complex and in all probability insufficient cerium!"-alizarin com- 
plexanate was added. The fact that large amounts of fluoride added to a fixed amount 
of the cerium!!! chelate bleach the blue colour of the fluoride complex back to the 
free yellow alizarin complexan has already been stated by Leonard and West®}? and 
is an obvious result of mass action and the insolubility of cerium!! fluoride. Because 
no serious attempt has been made to determine larger than microgram amounts of 
fluorine by this method, a series of experiments was initiated in which the concentra- 
tion of all of the reagents involved was systematically increased in a step-wise fashion 


by factors of 10. 
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With 5 10-°M solutions of cerium!™! nitrate and alizarin complexan, and a 
standard fluoride solution containing 50 «g/ml, calibration curves were obtained up 
to 500 wg. The calibration curve obeyed the Lambert—Beer law from 50-275 wg; the 
straight line extension did not pass through the origin, but made a negative intercept 
on the optical density axis. This reaction [Procedure (B)] was carried out at pH 
5-0-5:2 and measurements were made in 2-mm cuvettes at 620 my which was the 
wavelength of maximum absorption of the fluoride complex measured against reagent. 

When larger amounts of cerium! and reagent were used, but still maintaining 
their 1:1 mole ratio [Procedure (C)], a linear calibration curve was obtained over the 
range 100-550 ug; up to 1000 wg the points still fall on a smooth curve falling only 
slightly below the linear projection of the lower part of the curve 

Finally, experiments were carried out with 10°°M solutions of cerium! and 
reagent at pH 5-2. The wavelength of maximum absorption for the fluoride complex 
measured against the cerium!!! chelate now shifted to 630 my and once prepared, 
remained unchanged for more than 4 days. The calibration curve followed the same 
pattern, being linear up to 800 wg and still lying on a smooth curve up to 1600 wg 
No attempt was made to extend the upper range of the method beyond this point 

It is appropriate here to mention that the pH and permissible concentration ranges 
are inter-related. Thus, whilst the method operates satisfactorily at pH 4:3 with 
5 x 10°4M solutions, precipitation occurs at this pH with 5 x 10°°M solutions, 
particularly with the cerium"! chelate alone and with the lower amounts of fluoride 
ion. At pH 5-0-—5:2 this difficulty is not encountered even with 10°-M solutions. This 
effect of pH and the higher solubility of the fluoride complex compared to the cerium"! 
chelate agrees well with the proposed structure and protolysis mechanism suggested 
previously by Leonard and West.’ The minimum reaction time employed throughout 
these studies was 60-90 min though qualitatively the reaction appeared to proceed 


more rapidly in the more concentrated solutions 


Interferences 

In the paper describing the spot-test procedure for fluoride* it was found that the 
colour produced by 0-2 wg of fluoride was not interfered with visually by one hundred- 
fold mole ratios of sulphate, sulphide, chloride, bromide, iodide or cyanide. A six-fold 
excess of phosphate and the presence of moderately powerful complexing agents,such 
as iminodiacetic acid, partly suppressed the colour reaction whilst oxalate, citrate 


tartrate, uramildiacetic acid and EDTA interfered completely at 1:1 ratios. In 


addition, it was found that aluminium, cobalt!!, copper!!, nickel, lead, iron"! and zinc 


prevented the formation of the blue colour. A ten molar amount of calcium caused 
slight inhibition whereas one hundred-fold excesses of mercury!!, manganese and 
magnesium showed no visible effect. 

In quantitative experiments, a later study® tested the interference of a few ions in 
the determination of 26 mg of fluoride ion at pH 4-6. A 10% interference occurred 
with the following ions at the stated mole ratios: aluminium, 0°19; iron!!, 0-105; 
citrate, 0-36; phosphate, 7-7 

In the experiments described below interferences were tested mainly at the 1:1 mole 
ratio on a test solution containing 500 jg of fluoride ion. The results shown in Table I 
were obtained by the addition of the interfering ion to the fluoride solution and allow- 
ing the two to react for 30 min. Then in each case were added, successively, 25 ml 
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rin complexan solution, 5 ml of buffer solution (pH 5-2) and 


1e solution was allowed to stand 


erium! ite solution: tl 
ution this point it should be noted that the 
ation) of three main wa‘ (1) formation 
venting the forma ‘the b 


] 
i. UI 


ue colour: 
cerium rin complexan, thus 


)my according 


rextinction 
Stable 


For 


Amount taken 


B (as borate) 
PO, 
SO, 


1125 [4 
2471 


24,970 [10] 


sitive interferences occur with cadmium, cobalt!. chromium!!!. copper!!, 
nickel, lead, zinc and moderate interferences from aluminium. mercury!. 
anganese! and vanadium!‘ 


Piyuiy 
LUEtI 


Large negative interferences occur with 
moderate interferences from calcium, borate and phosphate. The 
ference of silver, arsenic’, barium, magnesium, strontium, thallium!, zirconium 
and sulphate does not appear to be serious 

of aluminium a 


intel 


[he moderate nature of the interference 
nd zirconium is surprising in view of the well known stability of their 
fluoride complexes 


because both 


partial compensation may well account for the observed results 
} ; 
1 also form stable chelates with alizarin complexan 
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A study of the certum*’-alizarin complexan fluoride reaction 


Elimination of interferences 

In studying the elimination of interferences the normal 1:1 ratio of cerium!" to 
alizarin complexan was maintained and the normal procedure for 500 ug of fluoride 

[Procedure (C)] was followed with the amounts of interference specified in Table I. 
An attempt was made first of all to add just sufficient EDTA to the test solution 
containing fluoride to complex the interfering metal ions. The necessary amount was 
found by complexometric titration on a separate aliquot of solution. In no experiment 
was this measure successful; low results were invariably found because of the partial 
ng of the cerium!!! by EDTA, in spite of the presence of the other free metals 

reviously reacted with it 

masking was il as specified for the complete elimination 


ym copper!!, cobalt!', mercury! and me rv". and was only 


terference Ir ‘ nium and zinc was 


inthroline in the 
DY phosphate or 
] 


cium by 


ine, attempts were 
ith the control, 
uinoline revealed that 
yn the cerium!!! and 
ie excess of 8-hydroxyquinoline and the 
interfering metal-chelate were extracted at ] 5-2 hefore the addition of alizarin 
complexan and cerium!" nitra interferences of aluminium, iron!!!, chromium!,, 
and vanadium’ were completely removed by this simple expedient. Zirconium proved 
troublesome because of extremely stable emulsion formation, but it is known to be 
extracted’ under the conditions and consequently no further attempt was made to 
eliminate the emulsion formation since this is probably only a point of detail. 
Calcium and beryllium are the only two remaining cationic interferences amongst 
the metals tested. They were not accounted for in this study, but it is logical to 
, 


assume that their interference could readily be eliminated by a closely similar process. 


Calcium may be extracted as its 8-hydroxyquinolate by chloroform at higher pH 


values” and beryllium by the closely related agent 8-hydroxyquinaldine also in chloro- 


form at pH 7-5-8-5.'° It is not known how well the beryllium would extract from a 
fluoride-containing solution, but in view of the performance of aluminium and 
ironU!, the procedure would be expected to be entirely successful for calcium if not 
also for beryllium. Another possibility which exists for beryllium is the extraction 
of its acetylacetone chelate at low pH." Removal of the excess acetylacetone by 
extraction would doubtless remove the interference noted during the direct addition 
experiments described earlier in this paper (cf. also the direct addition of 8-hydroxy- 


quinoline). 
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[he extraction method based on 8-hydroxyquinoline should eliminate the cationic 


f a much wider range of metals than those examined in this study. 


removal of anionic interference by borate or phosphate would most 
an ion-exchange separation, though the masking of borate inter- 


may be possible 


CONCLUSION 


the optimum sensitivity of the cerium!"-alizarin complexan 

’btained at pH 5-0-5-2. The working range of the method by 

*n 5 ug (0-1 ppm) to more than 1-6 mg (> 160 ppm) 

hod works satisfactorily at pH 4-3 for dilute solution 

' chelate occurs at that pH when using >5 x 10-°M 

absorption for measurement of the ternary 

helate shifts from 610 mu with 5 10-4M to 
-M solutions. 


selected cati has been studied. In most instances it has 


4 


litable masking agent, such as cyanide, 2,3-di- 
events interference, whilst for ions which are more 


um, chromium!!! and vanadium’, a simple prelimi- 
noline and chloroform removes all interference. 


XPERIMENTAI 


Suspend 192-5 mg of alizarin complexan (a suitable 


, In freshly distilled water and add the 
to ensure complete solution of the solid Add 


let colour of the solution turns to red (pH 5-6) and dilute 


1\Q°*M, are prepared with proportionate amounts of reagent. Mag- 


} 


sure complete solution and the colour in the flask should remain (just) 

tion before cautious addition of the hydrochloric acid during which 
nixed or agitated 

ite solution: Prepare a solution of AnalaR cerium!Y ammonium 

rate against standard iron'' ammonium sulphate using ferroin as indicator 

ck solution to be exactly 0-1M. Take a suitable aliquot of the stock dilution, reduce 

e addition of an excess of freshly prepared ascorbic acid solution and dilute to the 

10-°M cerium nitrate solution is similarly prepared 


n (pH 5-0-5:2): Dissolve 100g of AnalaR sodium acetate trihydrate in distilled 


f glacial acetic acid (pH meter 5-2). Dilute to 1 litre 
olution: Dissolve 221-1 mg of (BDH extra pure) sodium fluoride in distilled 
his solution contains 100 wg of F~ per ml. More dilute solutions, e.g. 5 
tion 
f interfering ions: \ron ammonium sulphate, nickel sulphate, copper 
m chloride, ef 


M Potassium cyanide solution 3. g of potassium cyanide in 100 ml of water 


g of Na.S.9H,O/100 ml of water 
3- Dimerc aptopropano| solution 10 V/V in aqueous ethanol 


l 
VM Sodium sulphide solution | 2 


8-H ydroxyquinoline solution: 2:26 ¢ in 100 ml of ethanol 


10-°M sodium fluoride solution contains 50 ug/ml of F 
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A study of the cerium"!-alizarin complexan-fluoride reaction 


{pparatus 


Unicam SP 600 spectrophotometer: With 4-cm and 2-mm cuvettes. The instrument was operated 


from the mains electricity supply via a st sed 12V transformer 


> 
Procedures 


Procedure (A): 5—50 ug of fiuori le ion (610 mun) 


Pipette 1—10-ml aliquots of a 5 “g/ml fluoride solution into 100-ml standard flasks, add 10 ml of 
5 10-*M alizarin complexan solution and 2 ml of buffer solution (pH 5-0-5:2) from pipettes t 


{ 


each flask, followed by 10 ml of 5 )-4M cerium solution with constant swirling of the contents 


ng the addition of the latter Dilute the contents of each flask to 100 ml and set aside 


or 10min. Prepare, simul isly with the other solutt , a nt olution containing no 


| j 


muoride 
Measure the optical density (0-02—0-52) of the 
complexanate 
Only very 
Procedure ( 5 S00 
Pipette 10-ml aliquots of a 50 ug/ml flu le lution into 100-ml standard flasks, add 10 m 


7 mr . ' ! t m Vis ley " + < , ‘ > 9 ++ 
Vf alizarin complexan iul la “ l uffer solution (pH ~-) irom pipettes { 


ollowed by 10 ml of 5 riun lution with constant swirling of the content 
of the flask during the addition of the latter ilute t contents of each flask to 100 ml and set 
for 90 min. Prepare, simultaneously with the othe utions, a control 

Measure the tical density (0-027—0-32) of the fluoride solutions 
complexanate control at 620 my 
only slightly at 400 ug 

Procedure (C): 100-1000 ug of fluoride ion (620 mu) 

Pipette 1—-10-ml aliquots of a 100 g/ml fluoride solution into 100-ml standard flasks, add 25 ml 
of 5 10-°M alizarin complexan solution and 5 ml of buffer solution (pH 5-0—5:2) from pipettes to 
each flask, followed by 25 ml of 5 10-°*M cerium solution, then proceed as in (B) 

Measure the optical density (0:04-0:66) as above at 620 my in 2-mm cuvettes. The curve is linear 
from 100-550 wg and falls off only slightly at 800 xg 

Procedure (D): 200-1600 ug of fluoride ion (630 my) 

Pipette 2—16-ml aliquots of a 100 ug/ml fluoride solution into 100-ml flasks, add 25 ml of 10-*7M 
alizarin complexan solution and 10 ml of buffer solution (pH 5-0-5-2) from pipettes to each flask, 
followed by 25 ml of 10°-*M cerium!" solution, then proceed as in (B) 

Measure the optical density (0-134—1-085) as above at 630 my in 2-mm cuvettes. The curve is 


linear from 200-800 vg 


Elimination of interference 

(a) Masking procedures: Pipette 10 ml of 2-6 10-°M sodium fluoride solution into a 100-ml 
flask followed by | ml of a 2-6 10-?M solution of the appropriate cation. Wash down the walls ot 
the flask and allow to stand for 30 min. Add 1 ml of the appropriate masking agent and allow to 
stand for 5 min. Then apply Procedure (C) as usual 

(b) Extraction procedure: Pipette 10 ml of 2°6 10-°M sodium fluoride solution into a 100-ml 
flask followed by 1 ml of a 2-6 10-?M solution of the appropriate cation. Wash down the walls of 
the flask and allow to stand for 30-60 min. Add 5 ml of buffer solution (pH 5-0—5-2) followed by 
| ml 2:26% of 8-hydroxyquinoline solution. Some metals may be extracted almost immediately but 
with others, e.g. aluminium, it is best to allow precipitation to occur over the next 1-5-2 hi 

Extract the solution with three equal phase volumes of chloroform. Wash the combined chloro- 


he original 


form extracts once with a half-phase volume of distilled water and add the washing to t 
aqueous phase Add 25 ml each of 5 10-*M alizarin complexan solution and, with constant 
swirling, 5 10-°M cerium!!! nitrate solution. Dilute to 250 ml and develop the colour in the usual 
way for 90 min or overnight. Measure at 620 mz in a 2-mm cuvette 

It is not necessary in the masking procedures to carry the reference cerium!!!-alizarin complexa- 
nate solution through the same process, but it is advisable to do so in order to cater for impurities Or 
small variations in experimental parameters such as pH. Standard fluoride solutions passed through 
the extraction process in the absence of foreign metal ions showed no significant increase or decrease 


in optical density. 
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important always to add the buffer solution and 
I : 


solution 


Zusammenfassung Cer(II1)-Alizarinkomplexanatmethode zur Besti- 
| (0-1 ppm) bis zu 1-6 mg (160 ppm) Fluorion 
mt werden. Einfluss des pH-Wertes auf die 
Anionen werden diskutiert Fast alle Kationen- 


werden. Nur in a en, wenigen Fallon ist 


Resume a méthode du com- 
appliquée dans un 

)ppm) en utilisant un 
systeme colore par 
wons ordinaires a ete 
re surmontee par 


n preil ninaire par < 


and Sons Inc 





A COMPARATIVE STUDY OF SOME I 


ANTHANON 
CHELATES OF ALIZARIN COMPLEXAN AS 
REAGENTS FOR FLUORIDI 
R. BELCHER 
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Summary 


CC loured ternary com] 


mpie) cs ' 
] 


~ 1 1 
elements of the lanthanon series. 


fourth and fifth members of the 
he ensuing rare earth 

subsequent members showed no colo 

reagent was found to be n 


more sensitive than th 


It has since been suggested* that the lanthanun 


Vantages over tne 
bal 


cerium!!! reagent on the ground tivity, but compara 


TABLE |. DIFFERENCE IN OPTICAL DENSITIES BETWEI 


ND THEIR TERNARY FLUORIDI 





Wavelength of 


measurement, mu 


18S 


160 


lacking. In the present paper comparative studies have been made and a more 
sensitive procedure has been developed 

Reagents based on lanthanum, cerium!!! and praseodymium were compared at 
in sodium acetate buffers under carefully controlled conditions. The 
results shown in Table | were obtained with solutions containing 5 


pH 4-3 and 5:7 


10-° of a mole 
each of alizarin complexan, the lanthanon nitrate and sodium fluoride in a total 
volume of 100 ml. The lanthanon solutions were prepared from “Specpure” materials 
R63 
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and their stock solutions were standardised against EDTA using Xylenol Orange as 
indicator at pH 5-1, before dilution. These results indicate clearly that at pH 4-3, when 
interferences with the method are likely to be less than at higher pH values, the 
cerium!!! reagent is slightly superior to those based on lanthanum and praseodymium. 
maximum sensitivity towards fluoride occurs at 610 my. The 

‘nt develops only a slight colour with fluoride and the maximum 

\ gadolinium based reagent similarly formulated showed 

wards fluoride ion under these conditions. At pH 5-7 

showed maximum sensitivity towards fluoride ion at 620 my. It 


nary praseodymium complex is partly hydrolysed 


I 
t 
[ 


here is a slight enhancement for cerium", 
vith the lanthanum reagent which at this pH 1s 


rium!!! reagent under the same conditions 


ver DH range 4:3—5:9 


ring calibration curves (5-50 jg) for 


rT 1 


chelates of alizarin complexan. 
my) the cerium!'! reagent 

re sensitive than the reagent based on lanth- 
tivity between the two reagents 

nu) the lanthanum based reagent is 

m!! reagent and this slight advantage 

th of these pH values there is, however, a 


well as for cerium!!, 


been reported that the ternary complex between cerium!', 
ind fluoride ion may be extracted from aqueous solution with 
lvent.' In this process an enhancement of sensitivity 1s 
nhancement, apart from the concentration factor, may be caused by 
r dielectric constant favouring association of the complex and replace- 
attached to the cerium!!! ion in the 
he effect of the addition of miscible solvents was 

xpected that a similar enhancement would result. 
alcohols, one ketone and an ether were examined at 
the same concentration (20°% v/v). The results of this examination, 
lable II, indicate the superiority (under the specified conditions) of acetone 
sterically unhindered keto-oxygen atom, relatively high basicity and low 
dielectric constant. Despite the basicity of its oxygen atoms, dioxan is nearly as 
effective as ethanol, presumably because of its lower dielectric constant. Similarly, 

methanol is less effective than the other solvents. 

rhe cerium!!! and lanthanum reagents were next compared in a 20% acetone 
medium and their performance was checked against variation of pH. This series of 
experiments revealed that acetone had a more pronounced effect on the lanthanum 
acetone medium was obtained at pH 4:3 


reagent. The optimum sensitivity in a 20 


oO 


and the wavelength of maximum difference shifted from 610 to 620 mu. Under the 





Dioxan 


rHOD 


1 


Oo 
2 


'e) 
measurement, 


Wavelength 
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. ON SENSITIVITY OF LANTHANUM REAGENT 
25 we OF | 100 ml 


um based reagent. 


ate in 100 ml of solution, pH 5-2 


plex in 100 ml of solution, pH 5-2 


1€ com 


measured against water. 
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optimum conditions the lanthanum reagent was ca. 3°% more sensitive than the cerium 
reagent and 20% more sensitive than the lanthanum reaction in aqueous solution at 
the same pH. The “‘apparent” pH of these acetone solutions measured on a pH meter 
was 4-68. 


Finally. in this series of experiments, the optimum concentration of acetone was 








+ 


Mole of lanthanum cl ite in 100 ml of solution, p! 
Mole of terna luoride complex tn 100 ml of so 
Mole of alizi nplexan in 100 ml of solution, p 


established for the lanthanum based reagent at pH 4-3. The results of this investiga- 


tion are summarised in Table III and show clearly that the optimum concentration 


1S Fas Ye 


{bsorption in the ultra-violet region 

An examination of the mechanism of the fluoride reaction previously proposed by 
Leonard and West! and observation of absorption spectra of the chelate and ternary 
complex published in previous papers'-* suggests that one would expect to get consider- 
able absorption in the ultraviolet region. Accordingly, the ultraviolet spectra of the 
exactly formulated 1:1 chelates and 1:1:1 complexes for cerium! (Fig. 1) and 
lanthanum (Fig. 2) were plotted. These reveal that there is a much stronger absorption 
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let region and at the wavelength of maximum sensitivity (281 my) the 
od is slightly more sensitive (ca. 8°) than the cerium!!! method. At 


~ 


1H of 5-0—5-2 the sensitivity of the lanthanum procedure is 200°, greater 


alibration curves drawn up for the lanthanum reagent at 








tion, pH 5-2, 5-100 ng 


cetone solution, pH 4-3, 5 


pH 5-2 in aqueous solution at 620 and 281 my and at 620 my and pH 4:3 in a 25° 


acetone medium. This last curve flattens out much more markedly than those for the 
aqueous solutions beyond the upper level of the curve where the Lambert-Beer law 
is obeyed. It is noticeable also that the projection of these lanthanum curves passes 
through the origin 
CONCLUSION 
[he optimum sensitivity of the alizarin complexan method for fluoride is obtained 
with a lanthanum based reagent operated in aqueous solution at pH 5-0-5-2 with 
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measurements of optical density at 281 my. Under these conditions the reaction is 
200 
reagent is slightly more sensitive than the lanthanum reagent. Both are superior to 


more sensitive than that previously reported.? Below pH 4:5 the cerium!!! 


reagent based on the praseodymium chelate. 


EXPERIMENTAI 


(A) Ag olutic 20 mu) and (2 m pette 10 ml of 5 1 alizarin complexa 


ylution into a 100-ml gradua a then add 2 ml of buffe lution ({ 5-2) and 1-10 ml of 
a 


tandard fluoride solution he flask, 10 ml of 


10°-4*M lanthanum nitrat ition and dilute to the mar *repare similarly a control solution 
ontaining al 5 hr and measure 
the optical density of 
620 mz, 0-05 mm slit] ag 
(B) 25 {cetone s 


fter the addition of 


acetone aitel 


/ >t 


{nal\ ses O unk ne wis 

Take an aliquot of solution containing from 5-35 ng 30 we for 25 acetone experiments) 
of fluoride in not more than 78 ml of solution and carry through the above procedure (A) 

Note: For routine analytical work it is not necessary to use “Specpure”’ salts. Normal lanthanum 
nitrate hexahydrate may be used, but it must be standardised against EDTA, since the composition 


of the salt may be variable 


Acknow 
provision of the Hilger and Watts “Uvispek” spectrophotometer used in this study 


ledgement—We are grateful to the Department of Scientific and Industrial Research for the 


Zusammenfassung— Die Eignung der Alizarinkomplexanchelate von Cer(II1), Lanthan und Praseodym 
zur photometrischen Bestimmung von Mikrogrammengen Fluors wird verglichen. Das Cer(III) 


reagens zeigt hochste Empfindlichkeit bei pH-Werten unterhalb von 4-5 wahrend das Lanthanreagens 


pH 5-0 oder héher verlangt. Ein Anstieg der Empfindlichkeit fiir beide Reagenzien wird beobachtet 


wenn bei pH 4-3 in 25 volumperzentiger Acetonl6sung gearbeitet wird. Die héchste Empfindlichkeit 
wird mit dem Lanthanreagens erzielt bei pH 5-2 in wassriger Lodung unter Messen bei 28i mu. Diese 
Variante ist 200 mal empfindlicher als die Standardmethode bei 620 my 

Résume—Les auteurs ont étudié la valeur comparative des chelates du cérium(III), du lanthane et du 
praséodyme avec l’alizarine comme reactifs pour le dosage spectrophotometrique de quantités de 
fluorure de ordre du microgramme. Le réactif avec le cerium(II1) est sensible a pH <4,5 et celui 
avec le lanthane 4 pH >5,0. On peut augmenter la sensibilité des deux réactifs 4 pH 4,3 par addition 
d’acétone a 25%, mais la méthode de dosage la plus sensible est l'utilisation du réactif contenant le 
lanthane en solution aqueuse a pH 5,2 avec mesure a 281 mu. Cette méthode est deux fois plus 


sensible que la méthode standard a 620 my. 
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Summary 


een Ol 
Cnaracterisation Of tne stere STTLISUFY ne junct n aS Well 
j | 
| | 


Whetity n the . niicler oe 1 cvecsterones - cl tern] 
Ostitution on the steroid nucleus (ros , progestero s.~ Cnolesterol 


as well as ketones,’ alcohols,® and esters® have been examined it 
region with the purpose of correlating specific absorptions with particular functional 
groups in the molecule. Usually mono-functional compounds were examined because 
of the perturbations caused by different groups in polyfunctional compounds. Some 
d that satisfactory correlations may be obtained only when tl 

substituted groups were widely separated in the molecule, as is 
3,20-difunctional compounds.®:' 

The bile acid series of compounds has not been examined extensively. One 


deterrent has been the difficulty in dissolving these compounds in solvents s::itable 


for infrared investigation. The polarity of the poly-hydroxylated acids, as well as 


their methyl esters makes it difficult using normal cell thickness to prepare solutions 
concentrated enough for examination of the inherently weak absorptions found in 
the “‘finger-print”’ region 

As noted by Ard and Fontaine,* however, normally insoluble acids may be dissolved 
in infrared-suitable solvents if a small amount of basic compound, such as triethyl- 
amine, is also present. This innovation led to the formulation of a solvent system 
sufficiently transparent in the 6-6°5 uw and 9-12 uw regions. This system was used in 
the examination and correlation of certain specific group absorptions of mono-, di-, 


and tri-substituted bile acid compounds in these regions 


EXPERIMENTAI 


The compounds examined and th 


eir sources are listed in Table |. The parent compound, cholanic 
acid, is shown in Fig. 1. Most substitution was at the 3, 7, and/or 12 positions. Chromatography, 
specific colour reactions, melting points, and lack of spectral change after recrystallisation were used 
as purification criteria. Purity was estimated to be at least 95°, in all cases. Some compounds were 
demonstrated to be at least 99°, pure by chromatographic techniques. Reagents used were reagent- 


erade except where noted otherwise 


* Deceased 3 June 1960. 
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SAMUEL J 


1. COMPOUNDS EXAMINED AND THEIR SOURCES 


TABLI 


Methyl! cholanate 

Methy! lithocholate (3-hydroxy) 

Methyl d ate (3,12-dihydroxy) 
Methyl ch leoxy-chi > (3,7-dihydroxy) 
Methyl hyodeoxy-cholate (3,6-dihydroxy) 


3,7,12-trihydroxy) 


Methy Ola ,) 


late 


Methy hydro 2-acetoxy-ch 


Met iacetoxy-cholanate 
' 


Methy diacetoxy v( 
19-keto-cholan 
--Kelo-Cnolanale 


roxy-cholanate 


yxxy-cholanate 


1950. 72. 


1808 
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rd solution at 110°, 0-01 to 0-02 millimoles of 


bile acid compound were placed in a 1- or 2-ml glass-stoppered volumetric flask 


By evaporation of an aliquot an alcohol anda 
1 solution of 


led 


1 
n 
1 | 
h h ) 


] j ? ry re ’ > ry fT . | ‘ tT 
to the cooled steroid residue in the flask, which was 


triethylamine (Matheson) in bromoform (Baker's *‘Purified’’) was prepared, and 0-3 ml was adc 
pre 


the com- 


btained on a Perkin-Elmer Infracord-137 instrument 1e sample 


nt > 
Iw & 


pound. The rared spectra were « 
cell in all cases was 0-468 mm in thickness, and was sca 

ing the 2°¢ triethylamine solvent. Calibration -ctra were run periodical 

made on the steroid spectra when necessary he wavelength accuracy was estima 


0-02 


as determined by a calibrating polystyrene strip. Fresh solvent was prepared with 


> > nr in tals 1 > } i . > on > . t 1 ‘ . re > ) n 
series of approximately 10 spectra, and the reference solution was changed for eacl compound 
rt I 
in Table Il do not necessarily | the absorption bands found in the 


} ; + 
ate those absorptior \ me degree of correlation ts possib e 


RESULTS AND DISCUSSION 


lable Il shows the wavelength and apparent molar absorptivities in the correlated 


< 


regions. Absence of results indicates that the absorption in the specified region could 


not be differentiated from the background absorption at the concentrations used. 
Inflections have not been noted; obvious shoulders on the sides of strong absorption 
bands are, however, included. Usual background absorptivities were in the range of 
10-30 units. Tentative assignments of various functional group absorptions are 


shown in Table III 


Because reaction of the acidic solute with the basic solvent usually increased the 
background absorption, a base-line technique was used to calculate absorbances and 
molar absorptivities. In all cases a straight line parallel to the 100°, transmittance 
line was drawn through the absorption at 5-4 u, which was the point of minimum 

| 


absorption in most of the spectra The absorbance of the compound was then 


calculated by subtracting the base-line absorbance from the absorbance indicated by 
the spectrum. The apparent molar absorptivities were calculated from the following 


formula: 
A(MW)/c(d). 


where A absorbance, MW molecular weight, c concentration in mg/ml, 
and d thickness in cm. 

Anomalies in spectra of compounds in potassium bromide pellets have been noted 
by other investigators.?"’."' This has been shown to be particularly true with 
compounds containing hydroxyl groups.'* For this reason it was decided that for 
the most reproducible results, solution techniques were necessary. 

Ard and Fontaine® indicated that if 1-2:5°, solutions of triethylamine in either 
carbon disulphide or carbon tetrachloride were used to dissolve acids for infrared 
sampling, the neutralisation of the acid by the base could cause some change in the 


> 
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TABLE III. SUMMARY OF Ti [VE SPECTRAL CORRELATION 


" - } WwWwer . ne ah . ’ } ra n - > nNrecent ly roe 
spectra and five rise t n abdsorpt n Dands not otherwise present. im order to 
“> “alls ha Harp J ] > + . mr : 9 ] | ] wy 7. la . 
study more fully the effect of solvent composition on solubility of the bile acid 


1 


compounds, as well as the effects on the spectra obtained, a series of mixtures was 
prepared using varying percentages of triethylamine in different solvents. Compounds 
dissolved in 1 °/ and 2° triethylamine solutions of the same solvent yielded essentially 
the same spectra although some of the compounds were less soluble in the 1% 


1 


solution. When the concentration of triethylamine was increased to 3%, the absorp- 
tion band of the amine at 9-1 « became intense enough to render the region from 
9-0—9-3 uw less useful. It was therefore decided to use a 2% solution of triethylamine 
in a suitable solvent for further investigations. In 0-3 ml of this solvent there is 
approximately 0-05 millimole of base, approximately three times the amount of 
steroid involved, so that an adequate excess is provided for complete neutralisation of 
free acids. Carbon tetrachloride and carbon disulphide, even with added triethylamine, 
were not capable of dissolving some of the hydroxylated compounds, even when 
warmed. The use of methylene chloride, bromodichloromethane, dibromochloro- 


methane, and trichloroethylene was investigated, but it was found that either they had 


poor solvent power or they obscured large regions of the “finger-print”’ region. 


Chloroform possessed the solvent properties, but had intense absorptions in the 
9-12 w range. Bromoform, however, was quite transparent in this spectral range, and 
had good solvent properties for all the compounds investigated, and a 2% triethyl- 
amine solution was used for this study. The following is a discussion of each of the 
correlated regions 

6:25 uw: It has been noted that upon neutralisation of carboxylic acids, the absorp- 
tion at 5-75 uw disappears to be replaced by two strong bands at longer wavelengths. 
The basicity of triethylamine in the solvent caused this neutralisation of free acids, 
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and the carboxylate ion bands appear at 6:25 and 7:2 uw. No absorption is found in 
the carbonyl region if compounds containing only carboxyl and hydroxyl groups are 
dissolved in this basic solvent. Obviously ketones and esters will yield intense carbonyl 
absorptions if present. This technique therefore is a rapid method for detecting the 
presence of carbonyl groups in carboxylic acids without resorting to the preparation 
indicated in Table II, all the carboxylic acids yield relatively 

the 6:25 uw region. Apart from the three glycine conjugates 

-keto compound (44), which, because of other strong bands 

do not yield a separate band for the carboxylate group, the average 
irrespective of other functional groups present, is 171 litre mole™' 


j 


sviation of 8 units 
region is indicative of the simultaneous presence of 
onds at carbons-3 and -7. As shown in Table Il, compounds having 
both positions (4,6,25,26,29,30,33) have strong absorption bands 
Compounds which contain the 3-hydroxyl and 7-acetoxy 
the absorption shifted to 9°35 uw (7,9,11,12). Compounds 


id 7 positions (10,16,13,36) have the absorption 


9-40-9-41 uw. The two tri-acetoxy compounds 


to longer wavelengths, although the band is 

very intense acetate absorption band at 9°8 uw. 

the only 3-hydroxy-7-keto compound studied, 

It is probable that as the 

lated, the absorption band is shifted progressively to longer 
remains about the same, the average for the 

1ole-! cm~!. All free acids examined also have 

However, the absorptivity is always less than 


the much more intense 3,7-bifunctional 


to have some absorption in the order of 
it was rather diffuse, and precise wavelengths 
All ketones were also found to have rather general absorption 
50-100 units. 
absor 
9-68 uw, however, was readily apparent and easily differentiated from the more diffuse 


yrption. Apart from 12-hydroxy- and 7,12-dihydroxy-cholanic acids (22,27), the 


1DS( 


a 


1 


molar absorptivities of these compounds range between 190 and 314 units. Appar- 
ently the presence of substitution at carbon-3 enhances the 12-hydroxyl group 
vibration 

9-71 uw: As noted in the previous section, all compounds have weak absorption in 
this region, especially the ketones, the absorptivities generally being less than 70 
units. It is apparent from Table II that all compounds with either a 3-hydroxyl or a 
7-hydroxyl group also have intense absorption in this region. The three cholate 
compounds have this region obscured by the strong 12-hydroxy] vibration at 9-65 wu. 
The 7-hydroxyl group absorption itself is comparatively weak as indicated in 7- 
hydroxy- and 7,12-dihydroxy cholanic acids (21,27); even when a hydroxyl group is 
also present at carbon-3, the average molar absorptivity is about 110 units (4,25,26,33). 
On the other hand, the ten 3-hydroxy compounds with no hydroxyl group at carbon-7 
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have an average molar absorptivity of 223. This would seem to indicate that the 
simultaneous presence of the hydroxyl group at carbon-7 decreases the absorption 
from 3-hydroxyl groups. The infrared absorption of the 3-hydroxy compounds 
with no other substitution in rings A, B, or C has been studied and this structure was 
found to absorb at a slightly longer wavelength than found in this study.*:? This is 
apparently caused by the differences in polarity of the solvents used 

9-78 uw: Acetate groups are characterised by having relatively intense absorption 
bands in this region. Molar absorptivities range from 146-455 for mono-, di-, and 
tri-acetates. 3-Acetates have also been examined by other investigators and found 
to have absorption in this region.®: The presence of keto groups seems to depress 
the absorption of the acetate group in most cases. The molar absorptivity of methyl- 
3,7-diacetoxy-12-keto-cholanate (16) is 14%, less than that of methyl-3,7-diacetoxy- 


cholanate (10). It is 19° less in the case of methyl-3-keto-7-acetoxy-cholanate (14) 


and methyl-3-hydroxy-7-acetoxy-cholanate (7). There is also a 19% decrease in 
the case of methyl-3-keto-7,12-diacetoxy-cholanate (17) and methyl-3-hydroxy-7 
|2-diacetoxy-cholanate (9) The 86 increase in the absorptivity of methyl-3- 
hydroxy-12-acetoxy-cholanate (8) as compared with methyl-3-keto-12-acetoxy- 

nate (15) probably arises from the overlapping of the 3-hydroxyl absorption at 
9-70 « with the acetate absorption at 9°75 uw, which causes one strong band to occur 
at 9-70 uw. Except for this compound, mono-acetates have absorptivities of 146-215 
with an average of 188 units. Diacetates have a range of 228-428 units with an 
average of 314, and the two tri-acetates have an average of 453 units. From these 
results it appears that the introduction of each acetoxy group, whether substituted 
at the 3, 7, or 12 position, increases the absorptivity approximately 130 units. 

9-89 uw: Almost all compounds containing acetate groups have this region 
obscured by the intense absorption at 9-75 u. Two acetates, however, methyl-3- 
hydroxy-12-acetoxy-, and 3-hydroxy-7,12-diacetoxy-cholanate (8,9), have shoulders 
on the side of the acetate band, but accurate determination of absorptivities was not 
possible. Of the remaining compounds, almost all show some absorption in this 
region, ketones and most of the 7-hydroxy compounds having absorptivities less than 
85 units. Compounds containing a 3-hydroxyl group have increased absorption, 
with absorptivities ranging from 93-121 units, the average for nine compounds being 
106. 

10-22 «: Absorption in this region is characteristic of all 7-hydroxy compounds. 
However, the six compounds which also contain a 3-hydroxyl group (4,6 
have an average molar absorptivity twice that of 7-hydroxy- and 7,12-dihydroxy- 
cholanic acids (21,27). The marked enhancement apparently arises from the 
interaction of the 3- and 7-hydroxyl group vibrations. The only exception to this 
correlation is 3,7-dihydroxy-12-keto-cholanic acid (33), although it has an uncorrelated 
and unexplained band at 10-33 w. Also having absorptions in this region are 
3-hydroxy-7-keto- and 3-hydroxy-12-keto-cholanic acids (31,32), although no other 
3-hydroxy compounds have similar absorptions except those also containing the 
7-hydroxyl group. Two acetates, 3-acetoxy-, and 3,6-diacetoxy-cholanic acids (34,35), 
also have absorption in this region. These bands, however, are probably the acetate 
absorptions shifted down from 10-33 wu (see next section). 

10-32 uw: Absorption in this region is characteristic of acetate groups on the 
steroid molecule. Fourteen acetoxy compounds have molar absorptivities ranging 
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ith an average of 107. The only acetoxy compounds examined 


) 


ibsorption were 3-acetoxy- and 3,6-diacetoxy-cholanic acids 


er, both of these compounds have unexplained absorption bands of 
it 10°22 w which are probably due to shifting of the 10°32 wu band. 
ympounds (23,24,33) also have bands in this region, 
significantly lower. The only other compound 
lihydroxy-12-keto-cholanic acid. This may be the 
1ould appear at approximately 10-23 « but is shifted 


s definite than the preceding ones. All 
30) have intensities of 53-109 units 
lave this region obscured by strong absorp- 
ywever, have significant absorption in this 


others show inflections on th 


i 


e sides of other 
be made. 


e absorption in this region, molar absorp- 
72 for the ten compounds. No 


hyl esters examined have an absorption band 
between 15 and 40 units Also, all acids have 


the absorptivities falling between 75 


ions are relatively weak, they are readily 


Spectrum of methyl-3-hydroxy-7-acetoxy-cholanate. 
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apparent in the spectra of the compounds. Differentiation between the spectra of 


free acids and their methyl esters is easily made by examination of these two regions 
Except for these bands, the spectra of the free acids and their methyl esters in the 
9-12 uw range were indistinguishable. 
Summation spectra: Although some studies have indicated the possibility of 
preparing summation spectra of complex molecules by using 
has not been attempted with steroids with 


the absorptivities of 


simpler molecules, the pupeien 


functional groups in close proximity Chis attempt has been made in the present 


study. Fig. 2 illustrates the summation spectrum produced by adding the apparent 
molar absorptivities of methyl 3-hydroxy-7-acetoxy-cholanate (7) and 12-hydroxy- 
cholanic acid (22) and subtracting the values of cholanic acid (19). This should yield 


the spectrum of methyl-3,12-d ihydroxy-7-acetoxy-cholanate (12), shown in Fig. 3 


It is evident that these spectra are quite similar in spite of the presence of substitution 


in rings A, B, and C. This indicates the nossibility of preparing summation spectra 
of more complex molecules. However, certain combinations of functional groups 
such as found in 3,7-dihydroxy compounds make this difficult because of perturbations 
{cknow ledge ment This study was supported n part Parke, Davis an : The Research 
Corporation of the Detroit Receiving Hospital, and the National Institutes « lealth (Grants A-2224 
and A-699) 

Zusammenfassung—Die Infrarotspektren einer Anzahl von Estern und freien Sauren der Cholan 
sdurereihe wurden untersucht, wobei ein besonderes Solventsystem verwendet wurde um die Losungs 


schwierigkeiten zu beheben If \bsorpti onsbereiche zwischen 9 und 12 4 wurden spezifischen 


Substituenten im Steroidkern und der Seitenkette zugeordnet. In bestimmten Fallen wurden St6rung- 
en beobachtet, wenn Di- oder Trisubstitution in den Ringen A, B und/oder C auftrat 


Résumé—Les spectres infra-rouge d’un certain nbre d’esters et d’acides libres dans la série de 


l’acide cholanique ont été examinés grace a un solvant spécial qui résout le probleme de la solubiliteé 
' 


Onze domaines d’absorption dans la région 9-12 ont été reliés a la substitution spécifique sur le 
noyau stéroide et la chaine latérale. Dans certains cas, les auteurs ont trouvé des perturbations quand 


une di ou une trisubstitution se produisait dans les cycles A, B et/ou (¢ 
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CONTRIBUTIONS TO THE BASIC PROBLEMS OF 
COMPLEXOMETRY—VIII* 


THIOGLYCOLLIC ACID AS A MASKING AGENT 


RUDOLF PRIBIL and VLADIMIR VESELY 


| Laboratory slovak Academy of Sciences, 


, Czechoslovakia 
1 30 July 1961) 


Summary | king properties of t olyc cid (TGA) as well as the possibilities of its use in 
nd that thioglycollic acid in an alkaline medium 
’ Zn, Tl, In and Sn because of the formation of 
{ 


tensely coloured complexes with Fe, Co and Ni 
prevented by the addition of triethanolamine. It 


do not react with TGA. This enables a highly 


Also, manganese can be determined in the 


iges Of TGA tn comparison with potassium 


frequently used masking agent in complexometry, because 


tric determination of calcium and magnesium even in 
rming sufficiently stable complex cyanides. In 

it ranks among the less popular reagents, 

nany countries its storage and consumption are 
ilations so that large quantities of it in labora- 


ement by an equally efficient, non-toxic and 


nces were proposed to meet this emergency. Thus 
limercaptopropanol’ which, however, on account of its price, 
) any appreciable extent. Our experiments have revealed that of 
ices the properties of which recommend them for use in complexo- 
lic acid (TGA) 1s the most advantageous. Its main asset, compared 
cyanide, is the fact that in an alkaline medium it also forms colourless 
omplexes with a number of other metals such as lead, bismuth, tin, ec. 
intages are that it can be safely added even to acidic solutions and that, in 
neutralised solutions, the pH of the titrated solution is not essentially changed. 

n aqueous solutions it is sufficiently stable 
In masking of the accompanying cations the colour of the complexes formed is 
always of great significance. Although thioglycollic acid is well known as a sensitive 
colorimetric reagent for iron, with which it forms in an a!kaline medium an intense red 
complex, a judicious choice of conditions (the presence of triethanolamine and 
sodium hydroxide) also makes it applicable to the masking of other elements even in 
the presence of iron. Like cyanide, it forms a colourless complex with copper in an 

alkaline medium 
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Contributions to the basic problems of complexometry—IX 


TABLE I. REACTIONS OF THIOGLYCOLLIC ACID 


Remarks 


tatinous precipitate, nsoluble in an excess of TGA, readily 
1. Ammoniacal TGA also dissolves AgCN and Agel 


recipitate soluble in mineral acids and amn 


‘ . | ' 
ld lO Zive a COlOUTIeSS 


solution. The He-EDTA complex also reacts quantitatively with TGA 


, 
‘te nr te L » an { in ammoni 
e precipitate, soiuodie an excess O IGA ¢ ii aS IN ammonia to 


The Bi-l omplex reacts quantitatively with 
O a to give ¢ colo. 

the Cd-EDTA complex 

EDTA complex reacts 


ammoniaca 


ther TGA toa 
Cu-EDTA 


coloration, occurs 
tensely red on t 
TEA) and sodiu 
TEA 


t 


the addition 


(Possibility of 


m does 
nall amounts of 
1oOt react tn 


Cu, Zn, efc..) 


table brown-yellow 


1 
MOT 


) 
COIL 


ation develops, deepin 

KCN 

deepening on ing and in contact with air. The presence of asc« 
ynse. The Mn-EDTA complex does not react with 


rmination of Mn even in the presence of TGA.) 


respec 


\ colourless complex in an alkaline medium. Perfect 1 ng against EDTA 
\ colourless comple? an alkaline medium. Also, the In-EDTA complex reacts 
with TGA 

Does not react with TGA at all (Possibility of determination of Ga besides In.) 
\ slightly yellow coloration in an acidic medium even in the presence of EDTA. 
In an alkaline medium the coloration disappears 

An intense yellow coloration in an acidic medium even in the presence of EDTA. 
In an alkaline medium the coloration disappears 

An intense red coloration in an alkaline medium even in the presence of EDTA. 


Without colour reactions 
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ycollic acid with metal ions in the presence ol 
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\ 
the Ni-EDTA 
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End-point not sharp. 
i I 
In a parallel study of the analysis of iron-chromium-nickel alloys? we have found that for a 


strongly alkaline medium the most suitable indicato 


[LCI 


r The above described 


is Fluorexon (calcein) 
method can, therefore, be modified as follows making the solution alkaline with potassium 
hydroxide (not with sodium hydroxide*), add Fluorexon solution dropwise till the faintly blue 
solution turns pink, then titrate with calcium chloride solution to the appearance of a distinct green 
fluorescence. In this case the end-point is much sharper than with Thymolphthalexone 
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in also be determined if retained in the bivalent state by means of ascorbic 
ficiently efficient in this case). The procedure is the same 
yf ascorbic acid is initially added t 

ation of manganese in the presence of other metals are given 
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PHOTOMETRIC TITRATIONS—V* 
A SELECTIVE, CHELOMETRIC DETERMINATION OF COBALT 
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Summary—Cobalt can be titrated with good selectivity by iverting it with hydrogen peroxide 


alkaline medium to the cobalt EDTA complex and back-titrating photometrically in acid medium 


tne excess EDTA with bismuth s« ution, USIN”Z py al Ol iolet as indicator No inte 


observed with alkalies, alkaline earths, Ni, Cu, Cd, Zn, Pb, Al, U, and Bi, Zr, In, Ga and othet 
7 


be separated. The interference of Mn can be luded by addition of ascorbic acid. Th can be maskec 


1 T ace ‘ - * ¢ for > ld 
ions forming very stable El \ complexes a )-titrated o, Fe, Ag and Hg interfere and shoulc 


with sulphate Ci 
both Cr and Co can | 
turbidity witl 


A PARTICULAR chelometric determination of cobalt using the element in Its tervalent 


l 


state has been described by Kinnunen and Wennerstrand.! Cobalt in ammoniacal 


solution is oxidised with hydrogen peroxide in the presence of EDTA. The solution 
is then acidified to pH 2 and the excess of EDTA is back-titrated with standard 
thorium solution using xylenol orange as indicator. Only small amounts of cobalt 
can be titrated using this procedure because the very intense red colour of the cobalt! 
EDTA complex readily obscures the end-point. A photometric end-point should 
improve the method considerably. Thorium, however, is not the best choice for the 
back-titration, for several reasons, and the present authors have investigated the use 
of bismuth for this purpose employing pyrocatechol violet as indicator. 

his titration is possible even at very low pH values,* where most of the other 
metals do not react with the indicator and where the apparent stability constants of 
their EDTA complexes are so low that the metal ions are readily replaced by bismuth. 
Che replacement reaction, however, is slow in some cases (nickel and to some extent 
copper); hence it is better to complex with bismuth the EDTA which is in excess over 
the cobalt, thus hastening the replacement, and then to titrate the excess bismuth 
with EDTA. There is no danger that any cobalt!!! might be replaced, even after 
prolonged standing with excess bismuth, because the Co!!!Y complex was estimated 
to have a very high stability constant (log K 40-7).2 Back-titrations with bismuth 
have successfully been used for the determination of various metal ions,* and the 
method was especially useful for a selective visual titration of nickel where nickel was 
frozen in the EDTA complex by lowering the temperature of the solution to nearly 
cr 
Photometric determination of the end-point 

The absorbance curves of pyrocatechol violet and its bismuth complex at various 
pH values are shown in Fig. 1. From these curves it can be deduced that even at 
pH 0-5 a sufficient difference between the absorbances of the two species exists at a 


* Part I1I—Talanta, 1961, 8, 720. 
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r the end-point of bismuth with EDTA, using 
it various pH values. Curves A to D are for pH 2:0, 1-5, 1-0 


and 0-5 respectively. 





Photometric titrations 


wavelength of about 600 to 620 my to provide the condition for a suitable photo- 
metric end-point. Experimental determination of the titration curves at various pH 
5 


values are shown in Fig rhe precision is within the limits to be expected. 


The cobalt! EDTA complex 
[It is known that there are two red complexes, which do not appear very different 


in colour to the eye, but which may be distinguished by a phototitrator. The cobalt- 


EDTA complexes have been studied by Schwarzenbach.° In alkaline med 


oxidation of the cobalt!'-EDTA complex by hydrogen peroxide proceeds, according 


to Schwarzenbach, in the following manner: 


2 CoY?- + H,O, —» 2 Co(OH)Y* (1 


pinkish deep blue 


On acidification a proton is attached, this process being accompanied by a colour- 
change to red: 
Co(OH)Y? H > Co(H.O)Y 
deep blue red 
The complex containing one molecule of co-ordinated water 
dissociates in a rather slow process according to the equation 
Co(H,O)Y > Coy H,O 
red red 
The absorbance curves of both complexes are shown in Fig. 3. Fortunately the 
two curves are identical at the wavelength selected for the titration, hence there will 


be no interference from this process. 





Fic. 3.—Absorbance curves of the complexes Co(H,O)Y~ (I) and CoY~ (II) at pH about 1°8. 


Kinnunen and Wennerstrand! performed the cobalt oxidation in an ammoniacal 
medium. This, however, has been found to be inconvenient for the present purpose 
because the hydrogen peroxide oxidises the ammonia to nitrogen. This results in 
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yf a large number of small bubbles which are difficult to remove, and 
‘re with the response of the phototitrator. The solution was therefore 
sodium hydroxide solution. A smaller amount of oxidant suffices 
lation of the cobalt, and barely any bubbles are produced. In 
ion reaction seems to be greatly enhanced. In con- 

to be more realistic to write reaction (1) In a 

ymplex of the cobalt!! EDTA. In alkaline 


> 


clear pink of the complex CoY~* 


that only the cobalt!! which 1s 
addition of EDTA which 
nount of cobalt present is not adequate 


cali metals). A partial replacement of 


« MY Co- (4) 


vards the right depends on the concentration 
ts of the complexes involved. Even with 
constant, the shift is sufficient to 


a portion of the magnesium 


EXPERIMENTAI 


abdsor bance 


] 5 


y OU 


netal 1ons present 
sodium hydroxide 
30 1vdrogen 
reached (0-5-2) 
tir Add several 


t the titrator so 


to the EDTA 
ill increments of 


hh 


nittance readings on the ordinate 


> the graph to find the end-point in the usual manner 


nl of EDTA added (before the oxidation step and during 


idded. Then the calculation is based on the 


> solution indicated by the subscript 
58-94 mg of cobalt 
Stud) ( ferfjerences 
No interference was observed through oxidation of EDTA by the moderate 
amounts of unreacted hydrogen peroxide at pH 10-11. Similarly at pH 0-5 no reaction 


* Adjustment to 100 I I mmended because sometimes the final transmittance reading is 


e procedure provides some sort of a safety range. 
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was noticeable; at least not during the time required to complete the analysis. Even in 
the presence of considerable amounts of ascorbic acid the cobalt™! EDTA complex 
is not reduced in acid medium. It is known? that the oxides of nitrogen present in 
nitric acid will react with pyrocatechol violet, thus causing a very rapid drift of the 
galvanometer. Hydrogen peroxide lef from the oxidation step oxidises the 
nitrogen oxides and thus eliminates the interference; it does not attack the indicator 


Urea serves equally well for eliminating this kind of interference 


The oxidation of cobalt!! EDTA is slower at pl 10. Hence 


that the pH be adjusted a value greater than 10 so that complete 
assured without undue prolongation of the 
The following ion 


Ni, Cu, Zn, (¢ 


cobalt and 
procedure is 
al 
oxidising the cobalt 
is then obtained by 
immediately 
unt of chromium may be converted into chromate. 
to reduce this amount rapidly, the addition of a few crystals of ascorbic acid is 
recommended after the acidification. 

Thorium forms a highly stable EDTA complex and hence will be co-titrated. 
However, the addition of sulphate lowers the apparent stability constant sufficiently 
to prevent interference. If this masking procedure is applied, the final titration has 
to be performed at pH about 0-5 in order to avoid the formation of a turbidity on 
the addition of the bismuth solution. 

All metals with a high stability constant for the EDTA complex will be co-titrated, 


bismuth, zirconium, indium and gallium (see reference 4) Mercury causes 
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-d as oxide at the high pH; it has in addition 


by hydrogen peroxide, and also speeds 


1 


er violent reaction occurs. Thus both 
rmination 


@s < UT YI 


terference. 
y of its EDI \ 


MDOSSID] 


cobalt and nickel in the same sample by 


d published previously” is of special 
he procedure described in the present 


en the back-titration is performed with 


g Co. The temperature is then raised to room 
ature and nickel is replaced by addition of bismuth. the excess of which 


| IS 
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titrated with EDTA, thus giving the value for cobalt T he 


sadvantage of this 
*nses from the surrounding air on the cell containing the 
on necessary t sition the cel between the lamp housing 


ICT) - rererence q 1d to wipe it dry when the 


‘reatment and operating 


Zusammenfassung 


Wismut 


Résumé 





ANALYSIS OF GASES AND VAPOURS BY SPECTROSCOPIC 
TECHNIQUES—I 


EMISSION SPECTROSCOPY 


PICKERING and WILSON 


| 


ns 


separation of 
> are intuitively 

vapour interacts with 

that substance. The frequency of 
to the extreme ultraviolet. So far, 
to the infrared or to the visible and 


to the study of absorption spectra of 


pers is to review the available data that have accumulated 

ion and absorption spectra of gases and vapours and to discuss the possible 
ations of these data. For convenience, the study has been divided into 
rhe first part deals specifically with emission spectroscopy: the second 
the absorption of ultraviolet and visible radiations by gases; in the 
the series some experiments on the analytical application of vapour 


are described. 


EMISSION AND ABSORPTION SPECTROSCOPY 


sctroscopic transitions giving rise to emission and absorption of radi ition in the 


yr ultraviolet involve a change from one electronic energy level to another. 


rhis is the fundamental difference between electronic spectra and infrared spectra, 


which arise from changes in vibrational and rotational energy only. For a molecule, 
the electronic transition is necessarily accompanied by simultaneous changes in 
vibrational and rotational energy, giving rise to band spectra, as distinct from the 
line spectra given by atoms. 

Spectra can be classified into two broad categories, (a) emission spectra and (b) 
absorption spectra. Molecular emission spectra arise because some of the molecules 


89? 
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of the system have been excited by physical or chemical means to an electronic level 
above the ground state. When these molecules revert to the ground electronic state, 
the excitation energy is given out as electromagnetic radiation. The relationship 


between initial and final energies (£, and £,) and the frequency of radiation emitted 


(7) is the well known one 


where /: is Planck’s constant 

Molecular absorption spectra arise from the nverse process 
electromagnetic radiation is allowed pass h a material 
quencies 1 


Irequencies 


1 


MISSION 


iTlOUS 


to contain the f 

vapour, having end-windows of quartz for k in the near ultraviolet 
lithium 
radiation 
spectrograph or spectrophotometer used 

‘mission work 

Although the emission and absorption of radiation by a § ‘lates to transitions 
between the same electronic energy levels, the superficial appearance of the two types, 
and the regions in which they appear, may be quite different, for reasons given later in 


| a 


this review For this reason, the propel interpretation Or spectra rec " 1 certain 


i 
amount ol experience which militates against spectroscopic methods as routine 


analytical procedures 


30th methods are in a way complementary, in the sense that in some cases It is 


easier to obtain one type, in other cases the other. For instance, molecular oxygen 


only begins to absorb radiation below 2000 A, which makes it very difficult to obtain 
a spectrum with instruments readily available in the laboratory, whereas the emission 
spectrum appears in the region 4000-6000 A, and can readily be obtained using an 
ordinary quartz spectrograph. 

From the analytical standpoint there are two ways in which the electronic spectra 
can be used, i.e., qualitatively and quantitatively. The qualitative identification of a 
gas or the components of a gas mixture merely requires that one can positively 
ascribe a number of bands appearing at certain wavelengths to a particular substance 
Because of the complexity of many spectra this often limits the type of mixture that one 
can analyse with certainty. On the whole, absorption spectra are less complex than 
emission spectra, and this favours the absorption technique in many cases. 
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le to analyse qualitatively as an initial 
t 


either emission or absorption to the 

ictical limitations here are more 

‘ntration of excited species 

excitation, the pressure 

ibsorption spectrum, on the 

ases present, and depends 

\s mentioned previously, 
yn spectrum, and 


+} rts nilt . 
( Uti 


Olecuies IS 


DrovVviding a 


tne atom 
measure spectral intensity, and the 
be outlined in another section. For 
sities can be measured accurately. The 
insition between two electronic states. 


ates. If we consider a system of atoms 


> atoms has been excited from a low energy level, 


to a state of higher energy, £,, then transitions 
ited atoms drop to the ground state, emitting radiation, will give rise 


lency v given by 


(2) 
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rate of emission of this frequency », 


yf atoms involved in the transition per sec 


we can write for the the 


on the 
4 ’ 7 - . , ] val 1] "Y 1 
energy transfer process Involved 1n a collision bet 


1 
4 


molecule, resulting in the excited atom 

will depend on the nature of this secon 
the ease with which they can remove electron 
gas is present which more efficient at rem«¢ 
excited, then the intensity of emission will be 
were absent, at the same total pressure 
less efficient than the parent gas at removing electronic 
emission intensity is greater than for the pure gas 

From the foregoing remarks it is evident that certain restrictions are operative in 
the use of spectral intensities as a measure of gas concentration. Because of these, 
any measurement of intensity must be of a comparative nature, since the absolute 
intensity depends both on the total pressure and on the nature and amount of other 


Lases present. 
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mad spectra 
rst consider the emission spectrum of a diatomic molecule. Under low 
trum appears to consist of a series of bands, instead of the lines 
With greater dispersion and higher resolution 
oup of fairly closely packed lines. This differ- 
tra results from the fact that whereas an 
gy in quantised units, /.e., by changing its 
ule has three, the extra two being its 
Each electronic transition, which would 
> case of a diatomic molecule a series 
determined by the associated 
ich band arising because 
as an 
and 
measurements 


nd heads. Nearly 


f heinog «i 
ince OF DEINE S$ 


> direction in which the 


nolecule for quantitative analytical 
difficulties. Strictly speaking, one 
dispersion and 
overlap with 


Frannie 
Of Irequency as /, 


(6) 


itensity Which will depend on the method 
the transition probability, / is the 

and he temperature in ~K 
relation he use of atomic line 
notably the effects of total pressure 
1umber of de-activating collisions, resulting in radiation loss. 
lispersion and resolving power are not available, and in these 
seem obvious to use the band head intensity as a measure of 
ration. For this practice small dispersion is actually preferable, since it 
crowds the rotational lines closer together at the head. The main theoretical objection 
to the use of the band head for this purpose is that the rotational line structure which 
forms the head is markedly dependent on the temperature of the system. From equa- 
tion (6) it can be seen that / is proportional to e Erot/*? The temperature 7 will 


in turn be dependent on the total pressure, on the nature of any other gas present, 
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and on the nature of the excitation. For instance, the rotational temperature of a 
gas in an electric are will be much higher than for the same gas in a condensed dis- 
charge, resulting in a more complex rotational structure. 

Band spectra from polyatomic molecules are necessarily more complex than 
diatomic molecular spectra. Except in a few cases, there is little regularity in the 
grouping of the bands, and in general the rotational structure cannot be resolved 
except with instruments of great resolving power such as large grating spectrographs 


Although the theory of polyatomic spectra is now fairly well advanced, it is not nearly 
as complete as could be desired. This does not, however, prevent one from using the 
available literature on the recorded spectra of gases as a means of qualitative analysis 
les give rise to headless bands or patches of continuous 

emission, th e of | quantitative analy is much more restricted 
than in the case of diat spectra oth ifficu *ncountered here, which will 
‘nd to dissoci- 


irv to obtar 


XPERIMI ’ \ THODS OF OBTAINING SPI 


yed utilised 
frequency alternating output of about 


luence of suchan HF alter 


‘ite and ionise 


: 1, n * 4 + | fra er 
proauction ‘ I toW trequ 
i 


he field is 


substantially the same as that foun lischarges, except 

does not transport electrons away from the space be- 

tween the electt s. This results in a simplification of the spectr btained froma 
Tesla or any - HF discharge, compared with those obtained using d.c. discharge 

In practice the alternating field is usually applied between a central insulated 

electrode in the gas to be excited, and the outer wall of the container. Since there are 

no actual metallic conductors in contact with the gas, there are no lines arising from 


| | 
t 


the metal aton the electrodes in the spectra obtained. This is an additional 
attractive feature of the method. 

lwo other methods of obtaining HF discharges in gases are extensively used in 
emission spectroscopy. They are known as the ring discharge and the valve oscillator 
discharge.® In the first of these methods a conventional LC circuit, i.e., one con- 
taining an inductance and a capacitance, is used in conjunction with a condensed 


spark to produce damped oscillations. 17 he inductance is actually wound on the glass 


or quartz vessel used to contain the gas sample. The strength of the discharge can be 


controlled by varying the size of the spark gap; and by progressively increasing the 
strength, the spectra emitted can be made to change from the molecular band type 
to the line spectra of neutral atoms and ionised atoms. 

In the valve oscillator discharge a triode valve is used to maintain continuous 
radio-frequency oscillations in a tuned circuit. A vessel containing gas at low pressure 
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his RF power to electrodes within 
spectrum and 


extraneous 


> . vel, ' ] ve | 
extensively employed 


of solid or liqu iterials capable of 


Cl classifiec l pe or enclosed: 


sources to th 
ly, for this applic 
1 the fact 
some g 
f the negative potential-current character- 
is necessary to incorporate a ballast resistor to achieve 
to obtain steady arc or spark sources 


4 
> 


be described further here. 


spark may be operated in various gases and at a variety of 


pressure of up to many atmospheres. As with the other 


t é 
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methods, reduction of the gas pressure favor a { deer f ionisation. The 


f large pressures of gas is sometimes useful in obtaini ‘ctra not otherwise 
such as those of the hydr 


The great disadvantage of these two techniques, from indpoint of gas 
emission spectroscopy, is that the spectra obtai laln l\ : from molecules 
containing the mat ised in fe There are a few . ver, where this is 


not so; for instance, if water vapour is present, such ar r sparks will give the OH 


band spect 1, and some, particularly the copper arc, will giv rt NO vy bands 


{ q?1 Will he method cribs 1 SCCLIOI 1) t f flames i 


analytical spe oscopy has so far been mainly concerned v the } luction of line 


spectra for metal analys n general, the degre *Xcit yn atti 1 in a flame is 


n yt hioh ) t 1, t Th . re *« t » hic } t tne Ncer . 
( aS nign as il ec OU LnOGS Previ ISIY GeScTI e| IS TeSu Nn tne absence 


of bands from ionised sf} he s tra obtained from flames largely arises from 


OH 


requires the 
of blackening 


if species 
I 


nodern photoelectric methods here are many variables 
or film photometry; for example > type of emulsion 
development time, and the processing technique; 

technique being rather cumberson nd subject to errors. 
rhe photoelectric method, entailing the use of a spectrophotometer, which may 
be of the automatic recording type, is now used widely for quantitative spectrochemical 
analysis. Such an instrument, instead of giving the whole spectrum in one operation, 
scans through the wavelength range, the emitted frequencies being allowed to fall in 
succession on some type of photoelectric detector. The amplified signal from this 
may be read off from a meter, or may be used to drive a chart recorder, thus giving 


a direct measure of the intensity of light at each particular wavelength, without any 
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oundabout series of operations required in work using a spectro- 


t +} 


the two techniques offers the most complete and satisfactory 


) 
4 


nalysis for gases, the spectrograph being used for initial 

ophotometer for detailed quantitative analysis 
sATIONS AND ANALYTICAI APPLICATIONS Ol 
MOLECULAR EMISSION SPECTRA 


ng the quantity of krypton 


d The actual 


o-analysis of 
iven limits o 
= = 1 
nyarogen in 


have heen 
La\ peen 


ixtures With hydrogen, 


13 
TT » ' 
Vitil 


received a great deal of 
tion of traces of nitrogen 
scribed the determination of 
es of these gases and in the presence of oxygen. 
trogen molecular ion spectrum were used by 
t of different species of charged particles on a 
idy of the emission spectrum of air has recently 
‘the spectra from mildly excited discharges 
us OXide, Oxygen and mixtures of these gases have been studied 
is a function of pressure. A study of the emission band spectrum 

| previously been reported by Leycuras.'® 
ition of nitrogen in respiratory gases is an important 
nd progress in this field has been reviewed by White, 
ments known as Nitrometers have been de- 
nitrogen system after excitation in a gas 
any modifications of this technique are described 


discussed. Methods are also described for the 


The 


of the emission in a discharge tube containing the mixture is compared 


T 
SITY 


vith the intensity of the nitrogen bands, which are isolated by means of a filter.°° An 


alternative approach to the measurement of the purity of inert gases is proposed by 


Riley*! who uses the colour and appearance of discharges in gaseous mixtures as a 
criterion of the purity. 





Analysis of gases and vapours by emission spectroscopy 901 


Preliminary studies on the excitation of the spectra of inorganic gases by high 
frequency excitation have been reported* from the authors’ laboratory, and quan- 
titative applications are at present under investigation 

Data on the emission molecular spectra of many gases including bromine, carbon 
monoxide, carbon dioxide, chlorine, fluorine, hydrogen, helium, nitrogen, ammonia, 


nitrous Oxide, oxygen, sulphur monoxide and sulphur dioxide are tabulated in the 


afaranra -| da . ’ + 
reference work of Pearse and Gaydon 


tives 
1 


] ‘ + . | ’ ! + 
‘voted to analytical applications of polyatomic emission molecular 


spectra are almost non-existent. To date, interest ha en concentrated on obtaining 


Yecular spectra Characteristic an undissociated molecule, or, where fragmentation 
++ ‘ ] +1 
ion, on attemp oO identify the tragments 


was made 


y compounds 


neral appearance 


were obtained 

t used \ttempts 

a solvent were not 

is of the benzene 

harges passed 

\ spectroscopic study of the decomposition 


inic compounds DY elect! if Gischars Was made a couple ol 
I i 


lissociation of the organic molecule 1 atomic and ionic fragments 


found to b in important factor in the maintena! of the discharge.* 


i Ui 


A continuing series of papers by Schuler and co-workers has done much in recent 


years towards building an understanding of the source of the spectra In 194], 


pure emission spectra of undecomposed benzene derivatives were obtained by electron 


collision in the glow discharge.“® In the following year, a further series of benzene 
derivatives were studied by means of a glow discharge in krypton and hydrogen. In 
the ultraviolet region, the emission corresponded to the absorption spectrum, but 
in the visible range additional bands were observed which were ascribed to the 
dissociation of activated phenyl radicals.*‘ A later publication demonstrated the 
similarity of the natural decomposition spectra of benzene derivatives and the spectra 
resulting from their phospholuminescence in the solid state.** Direct proof of the 
existence of short-lived aromatic radicals, based on their emission spectra, was put 
forward by Schuler and Reinebeck~’ in 1949, and the spectrum of the CHO radical 
was found in the emission spectrum of formaldehyde.” 

In 1950 a new type of discharge tube was designed,*' and a method of varying 
the excitation conditions for organic substances was proposed.*° By examining 
benzene evaporated into a cell containing helium, four new spectra were found.” By 
increasing the naphthalene vapour pressure in a helium discharge a new spectrum 
besides the helium line and bands of C, and CH appeared.** Five types of com- 
pounds, including acetylene, ethylene and aromatic molecules, were subsequently 
studied to find the groups responsible for the newly found spectra.*° Further work 


using the mono-derivatives of benzene*® indicated that the common fragments 
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ischarge could possibly be one of four species. Subsequent 
| | | 


‘ showed that the simplest interpretation involves the 


» al 


is C.H.-C. These bands were found under excitation 
between those of the complete molecule 
ippre ragments, e.g., CH. 


has recently been 


> 


* the 
. | 


these molecules. In 


was shown that tl 


Garg and 


discharge 


found by Schuler and Reinebeck” 


Che same compound was studied by 


-hnique originally developed 


Che rotational structure of the emission 
n u 1 by Fauris®* and new bands in the emission 


as Deen GISCUSSeaG 


were reported by Régnier.™ 





Analvsis of gases and vapours by emission spectroscopy, 903 
Che glow discharge apparatus used previously by Schuler and Reinebeck to study 
benzene derivatives was also utilised by these workers to study the emission of 
biacetylene 
id the vapours <¢ 


ments.' 


¥ 


the 1S 


uric 


controlied, 


+1 ] ~ 
the electric discharge 


{ the gases in a sample 


, . ' 
ken to remove occluded gases from the 


electrodes (if inside the tube) before 


uis ideal often requires prolonged baking of 


import f the condition of the cell has 


has also reviewed the problems associated with the 

f gases. One of the main difficulties encountered by Frish 

position of the gaseous mixture varied during analysis because 

of adsorption and desorption on tl ube walls. Another important problem was 

that of establishing the optimum conditions for the excitation of the spectrum of the 

impurities being analysed, since the composition of the mixture had a strong effect 
on the conditions of discharge 

hese difficulties have not prevented the successful analysis of gases by spectro- 

scopic means; and, in fact, the spectroscopic analysis of respiratory gases now appears 

to have become the accepted technique '’ Great care must be paid to the standardisa- 

tion of conditions, but successful extension to the analysis of the rare gases seems 

highly feasible and experimental work along these lines is now proceeding in out 


laboratories. 
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Tesla excitation is said to cause less decom- 


1ate modes of excitation, but a constant flow 
However, decomposition does still occur and at 
the products deposited on the walls 
compounds were conclt 

roscopic of the chemical 


it Was 


of excited 


. mnie . } ttarfarence 
ery simp a l l erence ol 


lication 


i1known How 


“study leave 
the Resear the Queen’s 
possidie 
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Zusammenfassung ange der Analyse von Gasen und Dampfen 
nittels | oskopie wel ne Ubersicht iiber die derzeitige Literatur iiber 


Molekula : pektroskopie wu 
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Resume—Les auteurs ont examiné les aspects théoriques et rimet ‘analyse des gaz et des 


vapeurs pal Spectroscopic a ¢ SSLOI t passe ¢€ e la itt atu Ira e sur la spectroscopic 


° ni+rm lAer 1 
ad emissio oléculaire 


AGAR Dogera 


nd M. Stockburge 
Trudy. Sibir. } 
1959, 53, 21141 
Nishi and S. Hamanura, J irosh tiv., 1959, 23, 20 
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Northern Ireland 


SHORT COMMUNICATION 


rhe use of vanadium‘ -sulphosalicylic acid complex as a redox indicator 


rquoise-blue colour 
eaction IS specific and 
was 

> reagent 

hydro- 


solution 


complex can be used 


XPERIMENT 


S ilphate 


. Bs wash j 
OSAalICVLC acid 


inadium sulpho- 


n** with potassium 


complex 1 
1 20N sulphu acid (an ; d to give ; I ntense blue colour when 
1 20N sulphuric acid in the 


ndicator tor titrations witi 


1e complex by oxidising the sulpho- 


phosalicylic acid in 


| of this solution | ind to be sufficient for 


100 ml 


tl n pare this solution beforehand, because the com- 


50 ml of il 
plex can be produced in situ by adding t of ammonium vanadate and sulpho- 


salicylic acid soluti 


Reco 
n and sufhcient water and concentrated sulphuric 


mn sulphate solution is taker 
acid are added to makeup the volume to 50 ml and to keep the acidity at20N at the end of the titration 
The solution is cooled 2 ml of the indicator solution is added. This 


to room temperature and 0 
solution is titrated, cooling it whenever necessary, with potassium dichromate or with cerium!‘ 
sulphate solution after adding Sml of 80 phosphoric acid. The end-point is indicated by the 
solution changing its colour to greenish-blue on the addition of an excess drop of the oxidant. In 
titrations with potassium dichromate the titration mixture, if necessary, can be diluted with 20N 
sulphate interfering with the detection of the end- 


sulphuric acid to prevent the green chromium 
tres are found to agree with the values obtained from potentiometric titrations carried 


point. The ti 
out at the same acidity 


907 





Summary 


/.usammentassung 


> 
Resume 





Talanta, 1961, Vol, 8, pp. 909 to 915. Pergamon Press Ltd. Printed in Northern Ireland 


NOTICES 


section should be sent directly to the issistant Editor 


ARGENTINA 
v—Sature 6-22 September 1962: Eighth Latin-American Congress of Chemistry, on the 


} 


occasion of the Fij [ il rsaryv o {sociacion Ou mica Al ventina Buenos Aires 


The congress is open to chemists from all countries and will be divided into the following sections: 
1. Inorganic and Radio-Chemistry 
2. Physical Chemistry 
3. Organic Chemistry 
4. Biological Chemistry 
5. Analytical Chemistry 
Food Chemistry 
(a) Pharmaceutical Chemistry 
(b) Pharmaceutical Industries 
(a) Industrial Chemistry 
(b) Chemical Engineering 
9. History of Chemistry and Chemical Education 


Further information can be obtained from the Secretary, Octavo Congreso Latinamericano d 


Quimica, Casilla de Correo 2153, Buenos Aires, Argentina 


CANADA 


Sunday—Friday 19-2 fugust 1962: VILL International Congress for Microbiology: Canadian 
Society of Microbiologists and Canadian Committee on Culture Collections of Micro-organisms undet 


the auspices of the /nternationa {ssociation of Microbiological Societies. Queen Elizabeth Hotel, 


Montreal 


rhree symposia or panel discussions will be held each morning and formal invitations have been 


issued to the speakers. Concurrent paper-reading sessions will normally be held each afternoon 


rhe following programme has been arranged for the panel discussion on Automation and Control 
of Process Variables in Industrial Microbiology: 


J. J. H. HAstinGcs (London, England) {pplication of Automation to Processes, 


{nalysis, Assay, and Computation 
and Control of Physical 


H. M. SHER (London, England) Veasurement 
} 


Variables 
Discussant J. HROCH 
PAGANO (New Brunswick, U.S.A.) {utomatic Devices for Microbiological Assay 
of Antibiotics 
Discussant—J. M. KELLY 
SINGLETON (Davis, U.S.A.) {pplications of Liquid Chromatographic 
Techniques to the Production and Analysis of 
High Quality Products 
Discussant—J. R. GERKI 
A. FERRARI (Chauncey, U.S.A.) {pplication of Methodology of Chemical and 
Biochemical Analysis with an Autoanalyze 
Instrumental System 
Discussants—G. E. REINHARDT, G. E. SCHAIBERGER 
J. A. KEARNS (New York, U.S.A.) The Electronic Computor in Microbiological 
Control 
Discussant—G. E. BOND 
Further information can be obtaired from the Secretariat, VIII International Congress for 


Microbiology, 3574 University Street Montreal, Canada 
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Notices 


FRANCI 


La Séme ré 1 Comn ternationa nalyses (CLA) du Comite International de la 


Detergence (CID yulée a Paris 5 ndi 9 et di 10 Octobre 1961, sous le présidence du 


Grece, Italie, 
tternationale de la 
‘un observateur 
tuees dans les pays 
Commission et en 
Lé resultats de ces 
lus et certaines modifications 
visulfates prunatres 


l 


tre soumises a TISO 

parees au sein des 
geuses dions 

n 1961/1962: 

gue. Ence qui 

men bres de ClA a 


1, Getermina- 


es, Sur invitation du 


rs invite ses collegues 


POLAND 


rhird Polish Spectral Emmission Conference in September, 1961 

3 H vy, 21 from rman Democratic Republic, 
yslavia and Bulgaria 

all fields of 

yVSIS Of NONn-con- 

he Organisation 

in emission 

tral Analysis; 

valuation of Spectra 

World Development 

Spectrochemistry of 


ral Analysis of Powder 


D KINGDOM 


Developments in Gas Chromatography as Applied to 

Polymers: \ » H.D 1) NCH anc I EHRLI Society for Analytical Chemistry, 
2.30 p.n 

Precision Balances—History, Development and Techniques: Mr. 

( Scotla Sect ol hemical Society, Royal Institute of 


| Chemistry Department, University, Old Aberdeen 


Annual General Meeting followed by Radioactivity Measurements in 


Monmouthshire Society fi {nalytica nistr) tern Section. University 
( 


Some Aspects of the Work of a Public Analyst: Mr. R. W. SuTToN: 


i Vidlands Se n. Derby and District College of Technology, 
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Wednesday 17 January 1962: Complexometric Titrations: Professor H. M. N. H. IrvinG: Royal 


Institute of Chemistry, North Wales Section. Flintshire Tec a ollege, Connah’s Quay, Nt 


Chester 
Wednesda\ January 1962: Discussion Meeting: 
The Feathers, Tudor Street, Londo I | 
Friday 26 January 1962: Annual General Meeting foll i by Application of Analysis to Research 


Problems in the Gas Industry: Mr. G. R. BoREHAM: Societ {nalytical Chemist Scottish Section 
Grosvenor Restaurant, Gordon Street, Glasgow. 1.30 p.1 

Saturday 27 January 1962: Annual General Meeting followed by The Work of the Laboratory of 
the Government Chemist: Dr. D. T. Lewis: Society for Analyt len y,N ff and Section 


»] s 


City Laboratories, Mount Pleasant, Liverpool. 2 p.l 


Monday ida\ pri 2: Feigl Anniversary Symposium: So 
Midlands Section, under the patronage of /.U.P.A.C. | 


also Talanta, 1961, 


Plenary lectures will be 
Professor Dr. Ing. I 


Rio de Janeiro, Brazil) 


Professor R. BELC! (Univer 
U.K.) and Professot W. WEs1 
University, U.S.A 
Professor F. WELCHI 
U.S.A.) 
Professor H. MALIssaA (Techn 


Austria) 


The deta 

M. W 

U.K.) 

V. BANKS (lowa State Univ ty, U.S.A.) 
BERG (Louisiana State | versity, U.S.A 


J. BERGER (Danish School of Phat 


E. BisHop (University 


T. BURKHALTER (Tex 
Tantalun 


J. K. CARLTON (Louisiana State University, | less Zones in 
R. A. CHALMERS (University of Aberdeen, U.K.) Qualitative Analysis 
F. CLANET (C.E.A., Radiochemical Laboratory, 

France) 


D. Cooke (Cornell University, U.S.A.) th Con- 


finuous Source 
A. Davies [International Nickel Co. (Mond) {pplication o ( lass troscopy to 
Ltd., Birmingham, U.K.] Vetallui 
DuvaAL (C.N.R.S. Research Laboratory, France) T) 
G. V. M. DuycKAerRTS (University of Liege, Belgium) Extracti Est 
J. ELvinG (University of Michigan, U.S.A.) Microanalysis wit sraphite Indicating 
Electrode 
W. T. Etwe et (1.C.1. Ltd., Metals Division, Bu {fomic 
mingham, U.K.) 





Standard Sulphur Solutions for the Non- 
{gueous Titration of Cyanide and Selenium 


Mk Reag nis in Solve nt I x/rac- 
{ctivation 


vanic and 


> . 
Reactions 


{nalyt- 
f Pe re h- 
{nalysis 
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{ssociated 
Kali Cation- 


Spectrosc OP\ 
fone I nerea\ 


Versatile 


NOQUIOTaAdILOY 1 iwion 


P { R 
ais ¢ Radioa 


signed for Chro- 
{nalysis 
Cathode Ray 


and Spectrophotometri« 
c Acid 

vtractability of Phosphonium 
d Related Compounds 
Determination of Sma {mounts of Carbon 
Dio idk from Deca Xviation of Organi 
Compoun 
Recent Analytical Work using Specific and 
Sensitive Nuclear VU thods 


s, U.S.A.) Deuterium Perchlorate 


d Institute of Spectroscopy, Trace Analysis by “Inverse Polarography” 


mingham, U.K.) Reagents for the Nitrate lon 


) Clarkwood (to be arranged) 


Detection, Characterisation and Estimation 


of Carboxylic Acids and Esters 





\. WaLsH (C.S.1.R.O.. Melbourne 
H. F. WALTON (University of Col 
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Germany) 
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Analytical Chemistry: 


Fifth Triennial Summer School in 
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the Directory of Independent Consultants, 
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specialisation, 


ts most likely 


ssued by the National 


1961 (see also 
8, 690) 


tle has n¢ been omit 
Literature available in the Nati 


-adin 
Boston Sp i, Yorkshire, between tl 


y room at 


p.m. on Mondays to Fridays excluding 
official holidays 





rrowed by sending Science Museum Library loan 
vhich at present do not borrow from the Science 
the National Lend! brary, should write to 
S.W.7. and ask to be considered for the Science 
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icon in alloys 
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UNITED STATES OF AMERICA 


962: Fifteenth Annual Symposium on Modern Methods of 


Analytical Chemistry te | ersit Bat Rouge, La 
| ) Analytical Division of Fourth Delaware Valley Regional 


Meeting. S 1 elp [wos posia are planned ¢ rst day on Separa- 


Tec ( S¢ i day o oratory Automatior 


Chirteenth Annual Mid-American Spectroscopy Sym- 
posium: S tion in co-operation with Cleveland, Detroit, 
nission, X-ray, general 


resonance 


absorption will be 
let, gas chromatographic preparation of 
nce workshop will be introduced 
ye continued, and problem clinics, 


lipment will be of special 


Argonne National Laboratory, 9700 


Mond i 822 June 1962: International Conference on Spectroscopy, also designated Xth 
Colloquium Spectroscopicum Internationale: Society / {pplied Spectroscopy. University of Maryland 
College Park, M: ear Washington, D.( 
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rhe purpose of the conference is to promote the exchange of knowledge on current research 
important areas of spectroscopy, both basic and applied. The invited lecturers include 
H. KAIser (Dortmund, Germany) Critical Review le Methods and Results of 
Time Resolved Sy frOSCOPp)\ 
C. T. J. ALKEMADE (Utrecht herl Excitation and Related Phenomena in Flame 
\. WALSH (Melborne, Australi: fomic sor] ectroscop) 
J. L. GREENSTEIN (Pasadena } t opy in Astrophysi« 


lr. A. CHussB (Washington, | ; f f iolet and X-ray Radia 
BELLAMY (Essex, I 


H. H GUNTHARD (Zul 
}. H. JAFFE (Rehovot! 


R.N 


1. BEYNON 


C, HUTCHINSON (Chi 
R. RICHARDS (Oxford 
D. H. WHIFFEN 


B. VODAR (Be lev IC 
D. A. RAMSAY (Ottaw 
B. P. Sroict (Otta 


J. PHILIBERT (St 
V. B. Cosstetr (€ 

In addition to the invit ikers, rs may | subm n the foll ng spectroscopic 
subjects: atomic emi 1d absory} n, astroy a rare¢ I } 1d microwave, mass 
spectrometry, nuclear magne resonal electrol | imagnetic resonance traviolet and 


C SSiON a 


ring to present papers should subn titles a tract 300 words, before 31 


December, 1961, to BOURDON F. SCRIBER, Genera airman, International Conference on Spectro 


scopy, National Bureau of Standards, Washington USA 





PAPERS RECEIVED 


\ phosphorus pentoxide dessicant employing exfoliated vermiculite as carrier: G. FREDERICK SMITH 


H UIEH O 
rhe determination of traces of ruthenium in samples of platinum by neutron-activation analysis: R 


\ 


K D. F. < Morris. (6 O ( 16) 


Che electrolytic oxidation of oxalate ion in the determination of calcium and magnesium: JOHN MARTIN 


W W O d¢ 

Oxidimetric determination of organic compounds by means of strong oxidising agents A review: 

3 H. L. Pe 13 

P. | . dR E 4 CoO EY (20 Oct 
JOHN G. ¢ 


Ay 


Photometric titrations: J 
Determination of alkyl cellulose ethers by gas chromatography: 
CG HT BRE 20 O 

Selective chelatometry of Cu!! with ethylenediamine-N,N,N’,N’-tetra-n-propionic acid: I. P. SANDERSON 
\ \ %% ) 
Improved pyrogallol determination of niobium based upon extraction of a quaternary ammonium ion 


complex A. CATOG( L. B. ROGERS 26 October 1961 
Improved determination of tantalum based upon the pyrogallol procedure: ») and 


L. B.R 6 O T 


Improved radiochemical determination of cobalt: S. FREDRIC MARSH 


‘) 








